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ROYAL AERONAUTICAL SOCIETY 


technical department 


The Society has recently been asked to make a special study of Aero- 
dynamics data appropriate to the high subsonic and transonic flight regime 
and it may be anticipated that over a long period this work will be extended 
to higher speed ranges. To conduct this project the Society is setting up 
a new study group within its Technical Department. This Department 
has for many years been concerned with the synthesis of design and 
analytical procedures in the major branches of aeronautical engineering 
and related subjects. 


Initially the new group will consist of a senior and junior engineer and 


this notice relates to the senior post. 


The senior post is open to engineering or science graduates with appro- 
priate industrial or research experience in aerodynamics in a position of 
responsibility. Candidates should be completely familiar with the inter- 
pretation and application of aerodynamics data appropriate to high 
subsonic speeds and should preferably have a number of years’ experience 


connected with wind tunnel testing or flight test analysis. 


The work of the Technical Department requires the exercise of initiative, 
analytical skill and experience, and this post offers considerable opportunities 
along these lines for an engineer with the right background. 


The salary for this post is in the range £1,500 to £2,000 per annum with 


additional non-contributory pension and life assurance benefits. 


Further details may be obtained from the Head of the Technical Department 
ROYAL AERONAUTICAL SOCIETY 4 HAMILTON PLACE LONDON W.! 
Telephone GROsvenor 3515 
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ROYAL AERONAUTICAL SOCIETY—NOTICES 


NOTICES 


THE New YEAR 
The President, Council and Staff of the Society wish all 
members at home and overseas a happy and prosperous 
New Year. 


Joint DISCUSSION WITH THE INSTITUTION OF ELECTRICAL 
ENGINEERS 

A Joint Discussion with the Institution of Electrical 
Engineers will be held in the Lecture Theatre, 4 Hamilton 
Place, W.1 on Wednesday Ist March 1961 at 6 p.m. The 
subject will be “The Training of Electrical and Electronic 
Engineers for the Aircraft Industry.” There will be four 
speakers representing airlines, component manufacturers, 


' aircraft constructors and the services. 


CONFERENCE ON INTEGRATED DATA PROCESSING IN BRITAIN 
AND AMERICA 
This Conference will be held on Thursday 16th February 


- at the Connaught Rooms, Great Queen Street, London 


W.C.2, from 9.45 a.m. to 5.10 p.m. Tickets are £6 6s. each 
including light refreshments morning and afternoon, luncheon, 
= a copy of the European Productivity Agency’s Mission 
eport. 
Full details of the programme and application forms for 
tickets may be obtained from The British Productivity 
Council (I.D.P. Conference), 21 Tothill Street, London S.W.1. 


CONFERENCE ON AUTOMATION—MEN AND MONEY 
A Conference on Automation—Men and Money, will 
be held at Harrogate from 27th to 30th June 1961, under the 
aegis of the British Conference on Automation and 
Computation. 
This will be the first British Conference on the Social and 


| Economic Effects of Automation. Further details may be 
_ obtained from the Conference Secretary, The British Institute 


of Management, 80 Fetter Lane, London, E.C.4. 


ACKNOWLEDGMENTS 
The Council wishes to thank Mrs. Florence Taylor, of 
Sydney, for presenting to the Library a copy of the Con- 


__ Stitution and Rules of The Aerial League 1909, An evening 

__ with the Conquerors of the Air 1909 and The Highway of the 
_ Air (1911). The last two items were lectures by her late 
husband George A. Taylor after whom the Taylor Gold Medal 
of the Society is named. 


4 follows: 


The Council also thanks S. E. Veale, Esq., for giving a 
collection of old flying display programmes to the library. 

In addition the Council thanks the journal Engineering 
for presenting to the library a considerable number of 
aeronautical books. 


THE COLLEGE OF AERONAUTICS 

__ The Governors of the College have decided to change the 
titles of three of the College’s teaching departments, as 
The Department of Aircraft Economics and 
Production is to be named the Department of Production and 
Industrial Administration; The Department of Aircraft 
Electrical Engineering is to be named the Department of 
Electrical and Control Engineering; The Department of 
Aircraft Materials is to be named the Department of Materials. 

These new titles will be introduced into College publi- 
cations and records during the current academic year, so that 
they will become finally established by the beginning of the 
next session, in October 1961. 


HONOURS AWARDED TO MEMBERS 

Sir Frederick Handley Page (Honorary Fellow) has been 
awarded the Albert Medal of the Royal Society of Arts. 
The Medal was presented by H.R.H. The Duke of Edinburgh 
who is President of the Royal Society of Arts. 

The Enoch Thulin Bronze Medal of the Swedish Society 
of Aeronautics has been awarded to Mr. F. M. Owner 
(Fellow). 


ELECTION OF FELLOWS 

The following have been elected to Fellowship : — 

JosepH Gapsay, Chief Aircraft Installations 
Engineer, Hawker Aircraft Ltd. 

FRANK SMITH, S.P.S.O., Superintendent of Aeroballistics, 
A.R.D.E., Fort Halstead. 

ELLIS CHARLES WACKETT, Air Vice Marshal, R.A.A.F., 
Air Member for Technical Services, Department of Air. 


ELLIOTT MEMORIAL PRIZE 
The Elliott Memorial Prize for the third term in 1960 
has been awarded to Sergeant Apprentice A. W. Street, 
Instrument Fitter, and will be presented at the Halton 
Graduation Prizegiving on 29th March 1961. 


A TALK ON THE NEw LECTURE THEATRE 

At a meeting of Aslib on Wednesday 22nd February at 
6 p.m. (Tea at 5.30 p.m.) to be held in the New Lecture 
Theatre, 4 Hamilton Place, London W.1, a talk on the New 
Lecture Theatre will be given by Mr. Anthony J. Barrett, 
Head of the Society’s Technical Department. 

Mr. Barrett will demonstrate the new facilities, especially 
the unique slide projector, and compare them with the old 
methods. 


LECTURE THEATRE APPEAL 

The Grand Total has reached £108,734 (approx.) and as 
the President stated during his address at the Official Opening 
Ceremony the financial position now appears to be satis- 
factory. However, he stressed that the Fund remains open 
and further donations will be gratefully received. The main 
part of the Fund is in the form of 7- or 10-year Deeds of 
Covenant, and immediate finance for payments to the 
Contractors has had to be provided by realising some of the 
Endowment Fund Investments with a consequent loss of 
income to the Society. 

The following contributions received since the publication 
of the previous list are gratefully acknowledged :— 


Donations 
M. E. Burt, Esq. 
C. R. Crisp, Esq. Se 
F. F. Crocombe, Esq. 
J. Greinacher, Esq. 
Gunter & Co. Ltd. ... 
Isle of Wight Branch (additional) ... 
R. L. Ninnes, Esq. ... 
L. W. Rosenthal, Esq. 
Gp. Capt. A. Slade 
A. P. Thurston, Esq. 
J. F. Wilby, Esq. 
Annual Payment (unspecified period) 
Wg. Cdr. R. Tillyard 1 


SECOND INTERNATIONAL REFRIGERATION AND AIR 
CONDITIONING EXHIBITION AND CONVENTION 

The Second International Refrigeration and Air Condi- 
tioning Exhibition and a Technical Convention will be held 
simultaneously at Earls Court, London, from 11th to 14th 
April 1961. 

The Convention registration fee of 3 gns. entitles dele- 
gates to a complete set of preprints, free entry to the 
Exhibition and participation in a programme of Works 
Visits. 

Full details of the subjects to be discussed and applica- 
tion forms for registration may be obtained from Technical 
Productions (London) Ltd., 11a Gloucester Road, London, 
S.W.7. 


**DRAGONFLY” TIES 
“Dragonfly” ties (maroon terylene with pale blue dragon- 
fly) are now available direct from Rowans Ltd., Buchanan 
Street, Glasgow, price £1 each. 
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MAIN SOCIETY 
All lectures in London will be held in the Lecture Theatre, 
4 Hamilton Place, unless otherwise stated. 

12th January 
The Law and Science in Aeronautics. H. Caplan. 6 p.m. 
(Tea 5.30 p.m.) 

19th January 
MAIN LECTURE AT THE SOUTHAMPTON BraNcH—Trends in 
Aircraft Propulsion. H. Pearson. Lecture Theatre, 
Southampton University. 8 p.m. 

20th January 
MAN PowereED AIRCRAFT Group—Gliding and Man Powered 
Flight. Lorne Welch. 7 p.m. 

23rd January 
AGRICULTURAL AVIATION Group—Locust Control from the 
Air. Dr. R. C. Rainey. 7 p.m. 

24th January 
Some Problems of Impact and Erosion in Flight. A. A. 

, a. D. C. Jenkins and Dr. R. N. C. Strain. 7 p.m. 

st 
AGRICULTURAL AVIATION GRoup—The Economics of Agri- 
cultural Chemicals and Fertilisers. J. C. Pinder. 7 p.m. 

2nd February 
MAIN LECTURE AT THE SWINDON BRANCH—Nuclear Propulsion 
for Aircraft. A. D. Baxter. The College, Victoria Road, 
Swindon. 7.30 p.m. 

10th February 
MAN PowereD AIRCRAFT Group—lInsect Flight. Dr. J. W. S. 
Pringle. 7 p.m. 

13th February 
HistoricaAL GRoup—CANCELLED. 

16th February 
CreRVA MEeEmMorRIAL LecrurE—The Era of the Autogiro. 
Professor J. A. J. Bennett. 6 p.m. 

21st February 
— Metallic Materials of Construction. Dr. N. P. Inglis. 

p.m. 


Astronautics and Guided Flight Section. 
7th February 
An Appreciation of Missile Structures. A. F. Newell. 6 p.m. 


Graduates’ and Students’ Section. 
8th F 


Flight Testing of VTOL Aircraft. 
7.30 p.m. 


Rotorcraft Section 

13th January 
Certification of Civil Transport Rotorcraft with particular 
reference to Multi-Engines. H. E. Le Sueur. 6 p.m. 


BRANCHES 
12th January 
Cheltenham—Some Mechanical Design Aspects of the Civil 
Avon. F. W. Morley. St. Mary’s College, St. Georges Place. 
7.30 p.m. 
13th January 
Belfast—Annual Dance, Midland Hotel, Belfast. 
16th January 
Boscombe Down—Human Elements of High Speed Flight. 
ey Gabb. Lecture Hall, A. & A.E.E., Boscombe Down. 
.30 p.m. 
Henlow—Development of the Spectre Rocket Engine. W. Neat. 
Luton Town Hall. 7.45 p.m. 
18th January 
Bristol—Man Powered Flight. T. R. F. Nonweiler. Conference 
Room, Filton House, Bristol Aircraft Ltd. 6 p.m. 
Brough—Young People’s Lecture—The Beverley in Service. 
Gp. Capt. F. C. Griffiths. Newland High School, Hull. 
Coventry—Supersonic Transports. R. G. Thorne. Herbert 
Art Gallery. 7.30 p.m. 
Manchester—Airline Engineering. Capt. P. McCormack. 
Reynolds Hall, College of Technology. 7.30 p.m. 
19th January 
Southampton—Main Society Lecrure—Trends in Aircraft 


T. W. Brooke-Smith. 


Propulsion. H. Pearson. Engineering Lecture Theatre, 
Southampton University. 8 p.m. 

20th January 
Hatfield—Social. de Havilland Restaurant. 6.15 p.m. 

23rd January 


Glasgow—Graduates and Students—Building a Light Aircraft. 
Dr. Roche. Scottish Aviation, Prestwick Airport. 7.30 p.m. 


Henlow—Supersonic Civil Transports. R. G. Thorne, 
Assembly Hall, R.A.F. Technical College, Henlow. 7.45 p.m, © 
25th January 
Christchurch—Chemical Milling. A. Black. King’s Ams | 
Hotel. 7.30 p.m. 
Reading—Flying the Boeing 707. First Officer Jacobs, | 
Hawkhurst Canteen, Western Manufacturing Ltd. 6 pm. ( 
Weybridge—The Exploration of Outer Space. J. A. Rat- 
cliffe. Apprentice Training School, 
(Aircraft) Ltd. 6 p.m. 
26th January 


4 
Vickers-Armstrongs 


Isle of Wight—Pilotless Aircraft. S. Cosgrave. Saunders-Roe | . 
Clubhouse, Church Path, East Cowes. 6 p.m. RA 
lst February Dep 
Research at the College of Aeronautics. Professor — d 
A. J. Murphy. Royal Sation Hotel, Hull. 7.30 p.m. t 
Hatfield—Operational Experience of the Comet 4B. E.R, 1 T 
Major. de Havilland Restaurant. 6.15 p.m. Frot 
2nd February > simi 
Belfast—Space Technology. T. R. F. Nonweiler. Lecture Hall J 
LG8, David Keir Building, Queen’s University. 7 p.m. and 
Bristol—Brain’s Trust: Prof. A. R. Collar, Prof. M. L. H, now 
Pryce, Dr. R. L. F. Boyd, Dr. R. R. Jamison, A. V. Cleaver and Aust 
D. J. Farrar. Conference Room, Filton House, Bristol | 
Aircraft Ltd. 6 p.m. I 
Swindon—Main Society Lecture—Nuclear Propulsion for Fell 
Aircraft. A. D. Baxter. The College, Victoria Road, Swindon, | | Res 
7.30 p.m. 3 I 
6th February 
Derby—Ten-Minute Paper Competition and Film Shov, 4 Eng 
Rolls-Royce Welfare Hall, Nightingale Road. 6.15 p.m. j I 
Henlow—Fourth Trenchard Memorial Lecture—The Nuclear 
Deterrent. Prof. N. H. Gibbs. Assembly Hall, R.A.F, Lect 
Technical College. 7.45 p.m. «of T 
7th February inth 
Gloucester—Military Air Transport. Gp. Capt. F. C. Griffiths. } 
Wheatstone Hall, Brunswick Road, Gloucester. 7.30 p.m. — Can 
8th February j De 
London Airport—Some New Developments in Aircraft 
Propulsion. Dr. S. G. Hooker. Senior Mess, B.O.A.C. H.Q, 
London Airport. 6 p.m. CA 
Manchester—Man Powered Flight. T. R. F. Nonweiler. R.A 
Reynolds Hall, College of Technology. 7.30 p.m. ( 
Preston—Trends in Aircraft Propulsion. H. Pearson. Co. 
Queens Hotel, Lytham. 7.45 p.m. , 
Southend—Film Show “The Magic of a Name” and others. Ger 
Room 3, Engineering Dept., Municipal College, London Road. | > tor 
7.30 p.m. 
10th February Ain 
Preston—Annual Dinner and Dance. Blackpool Cliffs | S 
Hotel, Blackpool. up 
14th February 
Glasgow—Graduates and Students—Visit to Engineering Ger 
Laboratories, University of Glasgow. 7.30 p.m. _ Der 
Luton—Mathematical Oddities—R. A. Fairthorne, Napier} 
Senior Staff Canteen, Luton Airport. 6 p.m. q Son 
15th February apr 
Bristol—Glass—its Uses and Problems. Dr. A. J. Holland. | 
Conference Room, Filton House, Bristol Aircraft Ltd. 6 p.m. — M 
Christchurch—History of the Schneider Trophy Races. W.Cox. | a 
King’s Arms Hotel. 7.30 p.m. _ app 
Coventry—Aircraft Response to Atmospheric Turbulence. 7 
J. K. Zbrozek. Herbert Art Gallery. 7.30 p.m. Ra 
Reading—-Ten Minute Lectures and Film i Hawkhurst. Co; 


Canteen, Western Manufacturing Ltd. 6 p.m. b 
Southampton—Human Elements of High Speed Flight. Dr. J. — 


Gabb. Engineering Lecture Theatre, University of South- |7 iE 


ampton. 8 p.m. 

Weybridge—R. K. Pierson Memorial Lecture—Some Aspects 

of Science in support of the R.A.F.—the work of the Scientific _ 

Adviser’s Branch, Air Ministry. M. B. Morgan. Apprentice 

Training School, Vickers-Armstrongs (Aircraft) Ltd. 6 p.m.” 
16th February 

Isle of Wight—Modern Trends in Car Design. R. J. Bates. 

Saunders-Roe Clubhouse, Church Path, East Cowes. 6 p.m. — 
February ‘ 


Havilland Re taurant. 6.15 p.m. 

24th February 
Preston—New Ideas in Aircraft Electrical Systems. 
Hancock. North-West Electricity Board Demonstration ~ 
Theatre, Preston. 7.30 p.m. 


I—Spece Research. Prof. H. S. W. Massey. de — 
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February 
Film Evening. Assembly Hall, R.A.F. Technical 


‘orne, College, Henlow. 7.45 p.m. 
28th February 

‘ Boscombe Down—Yacht Performance Analysis. P. Crew. 
Arms!) Lecture Hall, A. & A.E.E., Boscombe Down. 5.30 p.m. 


cobs. fi News OF MEMBERS 
—_W.R. Woops BALLARD (Graduate) formerly a Performance 
en j Engineer, The de Havilland Engine Co., is now a Propulsion 
G Engineer, Advanced Project Group, Hawker Siddeley 
Aviation Ltd. 
>A. Barrett (Graduate) formerly Student Apprentice, 
> RA.E., is now Technical Assistant, Conway Development 
) Department, Rolls-Royce Ltd. 
| N.A. Battey (Associate) of de Havillands has been posted 
’ to Trans Canada Airlines, Montreal, for a short period. 
~ From there he will be transferred to Los Angeles, to take up a 
" similar appointment with the Flying Tiger Line, Burbank. 
J. S. BELL (Associate Fellow) formerly a Senior Engineer 
> and Design Group Leader, Smith’s Aircraft Instruments, is 
- H.) now Electronics Engineer, The Fairey Aviation Co. of 
= ~ Australasia Pty. Ltd. 
Sil) L. BERNSTEIN (Graduate) who formerly held a Research 
for. Fellowship at Queen Mary College, now holds a Senior 
don, Research Fellowship at the National Physical Laboratory. 
E R. J. G. Bray (Associate) formerly Chief Draughtsman, 
- British Aviation Services (Eng.) Ltd., is now Requirements 
OW. Engineer, Handley Page (Reading) Ltd. 
D. J. Cockrett (Associate Fellow) formerly Senior 


7 Lecturer in Aeronautical Engineering, Loughborough College 
_ of Technology, is now Lecturer in Charge of Fluid Dynamics 
' inthe new Department of Engineering, University of Leicester. 
ths.) © M. T. Darwoop (Graduate) formerly Engineer B, 
. Canadair Ltd., Montreal, is now Engineer, Field Engineering 


raft_ Department, Computing Devices of Canada Ltd., Ottawa. 
Q,) . Grp. Capt. A. A. FLETCHER (Associate Fellow) formerly 
"| CAS.L.O. at the Ministry of Aviation, is now Senior 
R.A.F. Officer, Wright Patterson Air Force Base, Ohio. 
G. R. HAmPsuHIRE (Associate) formerly with Pressed Steel 
Co. Ltd., Kidlington, is now Chief Engineer, Grantair Ltd. 
A Capt. J. C. HARRINGTON (Associate Fellow) formerly 
Ts. General Services Manager, Bristol Aircraft, is now a Direc- 
a tor of J. E. D. Williams and Co. (Aviation Consultants). 
_D.A. K. Hasetum (Associate) formerly Engineer Officer, 
fis { Airwork Ltd., Blackbushe Airport, is now Engineering 


Superintendent, Air Safaris Ltd., Gatwick Airport. 

¥ J. P. Herriot (Associate Fellow) has been appointed 
ing General Manager of the newly formed Light Aircraft Engine 

' Dept., Rolls-Royce Ltd. 
ier © C. G. HOLLOWELL (Associate), formerly of D. Napier and 

') Son Ltd., and The English Electric Co. Ltd., has been 
d _ appointed Advertising Manager, British Aircraft Corporation. 
m  _. Gp. Capt. R. H. Horniman (Associate Fellow), Sales 
x, Manager, Graviner Manufacturing Co. Ltd., has been 

appointed to the Board of Directors. 

0. | Fit. Lt. M. R. M. Heyes (Student) formerly O.C. Aircraft 
Radio Servicing Flight, R.A.F. Coningsby, is now at R.A.F. 

Commcen, Cyprus. 

J : D. P. James (Student) formerly studying Aeronautical 

h-| Engineering at Bristol University, is now Assistant Project 

_ Engineer, Hovercraft Development Ltd., Southampton. 

P. M. KENT (Student) formerly a Technical Assistant, 
Sir W. G. Armstrong Whitworth Aircraft Ltd., is now a 
| Rocket Research Technician, Bristol Siddeley Engines Ltd. 

H. J. Keyes (Associate Fellow) formerly with the Per- 
formance Division, A. & A.E.E. is now on loan tothe 
Operational Research Branch at H.Q. Bomber Command, 
Air Ministry. 

' F. G. JEANS (Associate), Managing Director of Western 
_ Airways Ltd., has retired because of ill health. 

j C. J. KniGuts (Associate Fellow) formerly Supervisor, 
r- | Component Test Area, Rolls-Royce Ltd., Cumberland, is now 
Mechanical Development Engineer, Central Electricity 

Generating Board, Berkeley Nuclear Laboratories. 


Sqn. Ldr. E. E. Lake (Associate Fellow) formerly at 
Headquarters Fighter Command, has joined the Technical 
Staff at Headquarters Flying Training Command. 

Gp. Capt. S. W. LANE (Associate Fellow) formerly 
Chief Aircraft Supplies Liaison Officer, Ministry of Aviation 
has been appointed Director of Aircraft Engineering, Air 
Ministry with acting rank of Air Commodore. 

W. T. Lorp (Associate Fellow), has returned to the Aero- 
dynamics Dept., R.A.E., Farnborough, after spending a 
year at the Gas Dynamics Laboratory, Princeton University. 

W. A. G. MARSH (Companion) formerly Development 
Engineer, Spembly Ltd., is now a Structural/Mechanical 
Draughtsman, Vickers-Armstrongs (Aircraft) Ltd. 

Wg. Cdr. J. D. de S. McELwalin (Associate) formerly 
Senior Technical Officer at the Central Fighter Establishment, 
West Raynham, is now Head of the Engineering Branch, 
R.A.F. Directorate of Flight Safety, Air Ministry. 

H. METCALFE (Associate Fellow) formerly Chief Aero- 
dynamicist, Bristol Aircraft Ltd., is now Weapons Systems 
Engineer, Guided Weapons Division. 

A. G. NEWTON (Associate Fellow) formerly Senior Project 
Performance Engineer, Rolls-Royce Ltd., is now Assistant 
Chief of Preliminary Design. 

J. D. OLIvEeR (Associate) formerly Representative for 
Rolls-Royce Ltd., in Seattle. is now Rolls-Royce Repre- 
sentative with Air-India International in Bombay. 

Sqn. Ldr. G. Pierce (Associate Fellow) formerly in the 
Directorate of Aircraft Engineering, Air Ministry, is now the 
Group Engineer Officer, Headquarters 224 Group, Seletar. 

D. J. POLLARD (Graduate) formerly with English Electric 
Aviation Ltd., Warton, is now Assistant Lecturer, Civil and 
Mechanical Engineering Department, Battersea College of 
Technology. 

L. W. RICHARDS (Associate Fellow) formerly Maintenance 
Design Engineer, Bristol Aircraft Ltd., is now a Chief Project 
Engineer with the Company. (Correction from November 
JOURNAL). 

K. RIDENHALGH (Graduate) formerly Technician, Aero- 
nautical Department, Armstrong Siddeley Motors Ltd., is 
now Assistant Lecturer, Mathematics Department, Coventry 
Technical College. 

K. D. Sapp (Associate Fellow) formerly with Convair, 
San Diego is now with the Hawker Siddeley Aviation Co., 
Kingston-on-Thames. 

E. G. SEATH (Associate Fellow) formerly on the Board of 
Blackburn Electronics Ltd., is now Director and General 
Manager of B.S.A. Electrics Ltd., Dowlais, Glam. 

R. H. SHAw (Companion) formerly Test Engineer, Guided 
Weapons, Elliott Bros. (London) Ltd., is now Liaison 
Engineer to R.A.E. (Precision Components) with Inertial 
Navigation, Elliott Bros. (London) Ltd., Rochester. 

Fit. Lt. R. W. R. SHEPARD (Associate) formerly Petroleum 
Quality Officer, Far East Air Force, Singapore, is now 
Technical Officer, R.A.F. School of Education, Uxbridge. 

IAN SLATER (Graduate) formerly Technician, Engineering 
Research Division, A. V. Roe and Co. Ltd., is now Assistant 
Quality Control Engineer, English Electric Co. Ltd., Preston. 

P. SmitH (Graduate) formerly Technical Assistant to Sir 
Frederick Handley Page is now Senior Aerodynamicist, 
Hunting Aircraft Ltd. 

TERENCE C. STAMP (Associate Fellow) formerly a Senior 
Structures Engineer, Republic Aviation Corporation, New 
York, has been appointed to the Field Service Engineering 
Department, as a Structures and Mechanical Engineering 
Specialist. 

P. SuTTON (Associate) formerly in the Design Project 
Office, de Havilland Aircraft Co. Ltd., is now Company 
Pilot to J. C. Bamford (Excavators) Ltd., Rocester, Staffs. 

M. J. TERRY (Graduate) formerly Technical Engineer in the 
Aeroelasticity Section, Guided Weapons Department, Bristol 
Aircraft Ltd., is now Senior Scientific Officer, United Kingdom 
Atomic Energy Authority, Winfrith, Dorchester. 

Rear-Admiral A. J. TyNDALE-BiscoE (Fellow) has been 
elected to the Board of Directors of Blaw Knox Ltd., and 
appointed Assistant Managing Director. 
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I. A. VAUGHTAN (Student) formerly Post Graduate 
Trainee, Hawker Aircraft Ltd., Kingston-on-Thames, is now 
Methods Engineer, Northern Electric Co. Ltd., Montreal. 

R. L. L’E WALLACE (Associate Fellow) has been appointed 
a Director of Wallace, Davidson & Partners Ltd., Lymington. 

R. J. B. Woopuams (Associate Fellow) formerly with 
Bristol Aircraft Ltd., is now Chief Designer, British 
Executive and General Aviation Ltd. 

Cdr. J. L. Woop, R.N. (Associate Fellow) formerly with 
the Aircraft Department, Admiralty, has been appointed 
Deputy Superintendent, Royal Naval Aircraft Yard, Gosport. 

T. Wayne (Associate Fellow) formerly with Rolls-Royce 
of Canada Ltd., is now General Manager, Farol Research 
Engineers Ltd., Bognor Regis. 

Lt. Cdr. M. WILLIAMS (Associate Fellow) formerly Sales 
Engineer, Dresser Industries Inc. (Clark Bros. Division) is 
now Consulting Engineer, Mead, Carney and Company. 

Group Capt. S. WILLIAMS (Associate Fellow) formerly 
Senior Technical Staff Officer, H.Q. No. 11 Group Fighter 
Command, is now Senior Technical Staff Officer, H.Q. 
No. 12 Group Fighter Command. 

G. L. Wise (Associate Fellow) formerly Chief of Com- 
pressor Aerodynamics Design and Development, is now 
Project Engineer, Advanced Projects, Aero Division, Rolls- 
Royce Ltd., Derby. 

K. WISKER (Graduate) formerly a flight Test Technician 
with Sir W. G. Armstrong Whitworth Ltd., is now a perform- 
ance engineer, Design Department, Flight Refuelling Ltd. 

Prof. L. C. Woops (Associate Fellow) formerly Nuffield 
Research Professor in the University of New South Wales, 
has accepted a Fellowship in Engineering Science at Balliol 
College, Oxford. 


Copy OF LETTER FROM CHIEF INSPECTOR OF TAXES BRANCH, 
INLAND REVENUE, DATED 17TH OCTOBER 1958 
Reference: C.I./SUB/306 

I have to inform you that the Commissioners of Inland 
Revenue have approved The Royal Aeronautical Society 
for the purposes of Section 16, Finance Act, 1958, and that 
the whole of the annual subscription paid by a member 
who qualifies for relief under that Section will be allow- 
able as a deduction from his emoluments assessable to 
income tax under Schedule E. If any material relevant 
change in the circumstances of the society should occur in 
the future you are requested to notify this office. 

I should be glad if you would inform your members 
as soon as possible of the approval of the society. The 
circumstances and manner in which they may make claims 
to income tax relief are described in the following para- 
graphs, the substance of which you may care to pass on 
to your members. 

Commencing with the year to 5th April 1959, a member 
who is an office holder or employee is entitled to a deduc- 
tion from the amount of his emoluments assessable to 
income tax under Schedule E of the whole of his annual 
subscription to the society provided that— 

(a) the subscription is defrayed out of the emoluments 

of the office or employment, and, 

(b) the activities of the society so far as they are 

directed to all or any of the following obiects— 

(i) the advancement or spreading of knowledge 
(whether generally or among persons belong- 
ling to the same or similar professions or 
occupying the same or similar position); 

(ii) the maintenance or improvement of stand- 
ards of conduct and competence among 
the members of any profession; 

(iii) the indemnification or protection of mem- 
bers of any profession against claims in 
respect of liabilities incurred by them in the 
exercise of their profession; 

are relevant to the office or employment, that is 

to say, the performance of the duties of the office 

or employment is directly affected by the know- 
ledge concerned or involves the exercise of the 
profession concerned. 


i 


A member of the society who is entitled to the relig 
should apply to his tax office as soon as possible after 3\y 
October 1958, for form P358 on which to make a claip 
for adjustment of his pay as you earn coding. 

(signed) T. DUNSMORE, 
Senior Principal Inspector of Taxes. 


ELECTIONS 
The following is a list of elections and transfers of 
membership of the Society : — 


Associate Fellows 
Stephen James Andrews 
Maurice Child 
Apostolos Contaris 
Alan Gettings 

(from Graduate) 
James Graham 
Leslie Arthur Hall 

(from Graduate) 
William Alan Horton 

(from Graduate) 
Ernest Huntley 

(from Graduate) 


Associates 
Frank John James Ackary 
William John Allen 
Charles Bruce 
Valantine George Sylvester 
Casley 
William Gilmour 


Graduates 
James Rae Aitken 
John Torbjorn Andresen 
Rodney Valentine Barrett 
Herbert Richard Beattie 
(from Student) 
Gerald Isted Macklin Beere 
Kenneth Drane Clare 
Paul Anthony Gibson 
(from Student) 
Brian Barber Green 
Malcolm Adrian Hale 
Harvey Holtby 
(from Student) 


Students 
Alexander Baggallay 
David Booker 
Graham Edward Dixey 
Charles Henry Ellen 
Peter William Foss 
Joyce Enid Fowler 
Jeremy Jonathan Fox 
Geoffrey John Gregg 
Michael Harford Gregory 
William Thomas Harris 
Peter Charles Howe 
Frederick David Hyam 
Brian Robert Ryder Jarvis 
Peter Michael Kent 


Brian Kiddle Morris 
Alfred Oswald Payne 
Herbert Harry Pearcey 
Rangaiya Nagaraja Rao_~ | 
David William Richardson © 
Basil Edgar Percival Ritson © 
Reginald Lionel Matheson 
Saunders 
Ian Ronald George Thomas 
Webb 


Roy Whitehead 
John Anthony Yates 


Kenneth Douglas Lloyd 
McLean 

Russell Arthur Palmer 

Roy Taylor 

Kenneth William Charles 
Tucker 


Roy Langton 

Martin Vincent Lowson 
(from Student) 

Kenneth Edward Odbert 
(from Student) 

Vilas Avadhut Ogale 

Kerry Russell Pukallus 

Alec George Read 
(from Student) 

Daniel Oliver Reid 

Neil Anthony Tipple 

Jacobo Simon Zand 


David Christopher 
McDouall 
James Naysmith 
Terence Harvey Nicholson 
Peter John Nightingale 
John Michael Plumridge 
Charles Barrett Pringle 
Alan Clive Roberts 
Gordon Patrick Salt 
Aysin Sami Selchouk 
Semret Medhane 
Robert Sherwin Smith 
Robert Morgan Thomas 
Roy Throssell 


Changes of address must be received before the 15th of 
the month in order to be effective for the following 
month’s JOURNAL. 


Parvez Ernest Kumar John Henry Tucker s Of 
David John Lines 
Companions 
Derrick Hancock Frederick Gordon ot 
Swanborough 
CHANGES OF ADDRESS OR APPOINTMENT 
To assist in keeping the records of members correct Cc 
and up to date the Secretary will be glad if all members 
will notify him as soon as possible of changes of address.| 
He would also like to know of any change of appointment. 
When notifying changes please give the following 
particulars : — 
Name (in block letters) Grade of Membership) 
New Address (in block letters) Old Address 
New appointment.—Please give name and address of tr 
employer and position held. . 
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ANNUAL SUBSCRIPTIONS = 
Members are reminded that their annual subscriptions 
became due on Ist January 1961. The rates are: — 


Home Abroad 

Fellows 8 0 0 7 @’G 
Fellows (over 65) 5 0 @ 40 0 
Associate Fellows 6 0 0 > 0. 6 
Associate Fellows (over 65) 40 0 2 0.6 
* Associates 5 0 0 5.0 0 
Associates (over 65) 3 0 0 3 0 0 
Graduates (aged under 26) 210 0 210 0 
Graduates (aged 26 and over) 3 O O 3 0 0 
Students (aged under 21) 110 0 110 0 
Students (aged 21 and over) 20 0 ae 9 
Companions 40 0 40 0 
Companions (over 65) a @ 3 
Companions (No Journal) 210 0 210 O 


*Any Associate elected before Ist October 1947 may, if he 
wishes, elect not to receive the JOURNAL; in this case his sub- 
scription will be reduced by £1 10s. Od. to £3 10s. Od. 

It will avoid delay and confusion if members sending 
remittances for subscriptions, will state their names, addres- 
ses and grades of membership clearly. Remittances should 
be made payable to the Royal Aeronautical Society. 


JOURNAL BINDING 
Permanent Binding 
1960 Volume (including packing and postage 


in the United Kingdom) . £1 3s. Od: 
Previous Volumes (including packing and 
postage in the United Kingdom) . 


Journals, with a note of the name and address of the 
sender, should be sent direct to The Lewes Press, Friars 
Walk, Lewes, Sussex, and the remittance to the Secretary 
at the Offices of the Society. 

Members are asked to be certain that the address to 
which they want their Journals sent is the same on their 
letters to The Lewes Press and to the Society. 


Lecture Summaries 
THE LAW AND SCIENCE IN AERONAUTICS 
An essay in their mutual impact and interaction 
HAROLD CAPLAN 
To be given on 12th January 1961 

The lecturer defines law and science in very broad terms and 
sketches some landmarks in the history of control of aeronautics by 
legal means. 

By reference to cases involving the liability of aircraft manu- 
facturers and air carriers, “‘scientific causation” and legal “liability” 
are shown to be concepts drawn from such widely differing 
disciplines that they may often be irreconcilable. Nevertheless the 
interaction is such that the law will ultimately adapt itself in 
response to the wide diffusion of scientific knowledge, and the law 
itself must often be taken into account like any other limiting 
Operational parameter—particularly in international air trans- 
port and especially if supersonic aircraft are to be operated. 

Scientific exploration into outer pace provides a crucial 
opportunity for the nations of the world to weld the disciplines of 
science, law and politics together in a way never before possible. 
This is a task in which all members of the Royal Aeronautical 
Society must join—it can no longer be left to the unaided efforts of 
other professionals. 


Rotorcraft Section 
THE CERTIFICATION OF CIVIL TRANSPORT ROTOR- 
CRAFT WITH PARTICULAR REFERENCE TO MULTI- 
ENGINES 
H. E. Le SuEuR 
To be given on Friday 13th January 1961 

Accidents of single-engined helicopters are examined and 
classified into four main groups, and accident rates are compared 
with a modern aeroplane. This comparison leads on to developing 
ways and means of reducing accident rates. 

Multiplicity of engines being one obvious source of improve- 
ment, the number of engines which should be considered to fail is 
discussed for take-off, cruise, and landing, and an argument for 
contingency ratings is ‘developed. 

With the improvement accruing from multiplicity of engines, 
Structural reliability is a further required improvement, and factors 


are proposed to ensure that fatigue failures are reduced to an 
acceptable rate. These factors are higher than those at present used. 
Matters for ensuring an improvement in the reliability of 
transmission systems are also proposed. 
For all-weather flying the necessity for reliable equipment and 
aids is stressed. 


TRENDS IN AIRCRAFT PROPULSION 
H. PEARSON 
To be given at the Southampton Branch on 19th January 1961 


Present and immediate future tendencies in the design and 
development of power plants for various types of aircraft are 
dealt with. 

For subsonic jet aircraft the tendency towards by-pass 
engines is discussed and the reasons why the author considers 
that ratios in the range 0°6—1-0 are the best compromise under 
present operating conditions. These ratios are the best com- 
promise between improved specific fuel consumption, increased 
weight and pod drag, and this compromise is almost indepen- 
dent of the design range of the aircraft. An important reason 
for using higher by-pass ratios is reduction in take-off noise. 
It is shown that, here again, the advantages from this are 
probably illusionary because compressor and other noise rapidly 
becomes the limiting factor. 

In the future, as combustion temperatures are raised, it will 
probably pay to increase by-pass ratio to preserve existing noise 
levels and to obtain the best overall power plant efficiency. 
It is predicted that engines will continue to operate at the 
present levels of specific thrust, /.e. thrust per unit mass flow. 
Pressure ratios will rise gradually at the same time as com- 
bustion temperature, and the predicted values of these within 
the next seven years or so will lead to engines some 10 per 
cent lighter and with fuel consumptions some 4 per cent better 
than current high efficiency jet engines. The problem of jet 
noise has been reduced by engine design so that compressor 
and other noise is of equal importance; reference is made to 
work being done on this. 

For propeller-turbine aircraft, while doubts exist as to 
whether this type of aircraft will continue to compete against 
jets, reasons are given why the engines are capable of develop- 
ment in the same way as for jet engines which will yield in the 
future great improvements in power/weight ratio and specific 
fuel consumption. 

Emphasis is placed on the increasing importance of power 
plant items as opposed to the engine for supersonic transport 
aircraft. Under supersonic conditions the engine efficiency is 
very high and the main problem is to operate at as high a 
combustion temperature as possible because of the large amount 
of thrust required in aircraft of low L/D. The air intake system 
and propulsion nozzle are important variables in the power 
plant, requiring control systems of their own which will call 
for intensive development. The supersonic “ bang” problem 
is of extreme importance in fixing the altitude at which super- 
sonic flight is permissible, and this will influence the type and 
size of engines required. It would appear that engine noise at 
take-off and landing need not be worse than on current jets. 

It is expected that V.T.O.L. or S.T.O.L. will initially be 
military projects and the propulsion power plant will largely 
depend on the relative merits of the separate lifting engine 
concept and the comtined lift and propulsion power plant. 
For high Mach number interceptors where the propulsion 
engine thrust is sufficient to provide V.T.O.L., then rotation of 
the power plants in external pods or jet deflection may be 
a reasonable solution. 

For military aircraft of the strike and interceptor types the 
trend of engine development largely turns on the relative 
importance of a subsonic cruise or loiter requirement and 
supersonic capability. Where the latter is of most importance 
the tendency will be to use highly efficient by-pass engines 
with reheat for supersonic performance. Where supersonic 
performance is the main criterion the tendency will be to 
use simple jet engines of low or medium pressure ratio with 
maximum reheat. It is not expected that ram-jets will be 
useful until Mach numters above 3 are considered, in which 
case the ducted jet engine will probably be the test solution. 


It is hoped to publish this lecture. 


SOME PROBLEMS OF IMPACT AND EROSION IN FLIGHT 
A. A. FYALL, D. C. JENKINS, Dr. R. N. C. STRAIN 
To be given on 24th January 1961 


The development of high speed aircraft and missiles has 
confronted the designer with many serious engineering difficulties 
arising from impact with objects occurring in the atmosphere. 
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As speeds have increased so has the number of impact problems 
and their severity. In general, objects which may be encountered 
include water, in the form of raindrops, cloud droplets, ice crystals 
and hailstones. Particular cases, for example, aircraft with a low 
altitude role present the additional hazards of impact with salt 
spray, sand particles, insects and birds. 

Encounters with these objects during flight may lead to loss of 
vision through optical transparencies, erosion of forward facing 
surfaces, or localised structural failure. The damage may be so 
severe as to affect the performance or even the airworthiness of the 
aircraft or missile. 

For a number of these problems, only preliminary investigations 
have been made and progress to date will be indicated briefly. The 
problem of rain erosion has received considerable attention in 
recent years and will be dealt with in somewhat more detail. 

Aspects discussed will include; single impact test techniques, 
designed to investigate the fundamental principles of the impact 
phenomena associated with the various bodies; single and multiple 
impact techniques to provide design data and material character- 
istics; detailed structure of impact areas; rain erosion character- 
istics of materials, including the effects of velocity, angle of attack 
and intensity of rainfall; break-up of raindrops by air blast; high 
speed sled tests; blower tunnel tests; the critical assessment of 
rain erosion pertaining to particular flight plans and correction 
necessitated by radar limitation in rain. 


Man Powered Aircraft Group 
GLIDING AND MAN POWERED FLIGHT 
LorNE WELCH 
To be given on 20th January 1961 


The operational requirements and the characteristics of 
modern high performance gliders are briefly described. The 
improvement in performance which could be obtained by the 
addition of man power to these aircraft would be very small. 

It is shown that, to be successful, a man powered aircraft 
must be larger and much lighter than the modern glider. 

The main part of the lecture deals with the problems of 
handling and piloting a man powered aircraft; problems which 
must be considered in the design stage if the project is to be 
successful. Although the flying speed of a man powered air- 
craft will be low, even by glider standards, much of the opera- 
ting experience which has been gained with gliders is directly 
applicable. The best layout for the aircraft from the ground 
handling and piloting points of view is discussed and a flight 
development programme is suggested. 


Agricultural Aviation Group 
LOCUST CONTROL FROM THE AIR 
R. C. RAINEY 
To be-given on 23rd January 1961 


The increasing use of aircraft against locusts, from the scale of 
the few hundred pounds of arsenical dust applied from DH.9 and 
Hercules aircraft in South Africa and Rhodesia in 1934 to that of 
the 3,000 tons of concentrated insecticide applied by some twenty 
aircraft in Morocco last winter, has been associated with 
technical developments which are illustrated by the relative 
results of the first quantitative field assessment of such 
operations, in which 6 tons of Desert Locusts were killed by 300 
gallons 24 per cent DNC from a converted Baltimore in Kenya in 
1945, and of a corresponding 1957 assessment, which recorded a 
kill of 400 tons of flying locusts by 60 gallons of 85 per cent diazinon 
applied from a Beaver aircraft operated by Desert Locust Survey 
in Somaliland. These developments have posed a series of specific 
problems of aircraft operation, of reconnaissance procedure, of 
spraying techniques, and of assessment of results. Experience on 
these problems up to the present time will be reviewed, and other 
factors affecting the potentialities and limitations of the use of 
aircraft against locusts will be discussed briefly. 


Agricultural Aviation Group 


THE ECONOMICS OF AGRICULTURAL CHEMICALS 
AND FERTILISERS 


J. C. PINDER 


To be given on Ist February 1961 


In the study of the economic aspects of a problem there 
is usually a tendency to over-simplification, by ignoring factors 


which appear to be irrelevant to the main problem. This js 
particularly the case in the application of static methods of 
analysis and it is desirable to keep in mind the dynamic concep; 


of equilibrium and the rate of change of influence of one factor ; 
on another. It is suggested that only in this way can valid ~ 


estimates of trends in agricultural aviation be determined. 
Consideration of the economics of agricultural chemicals 


and fertilisers whether applied by the aeroplane or other means ~ 
leads to interesting observations as to similarities and contrast. 


ing differences between the two groups of materials. The 


changing pattern of agricultural development reflects on the 3 
demand for agricultural chemicals and fertilisers, but the ~ 


capacity to meet this demand is not the same in both cases, 


The rate of change of development in one direction influences © 
the speed of development in another, so that the use of optimum | 
quantities of fertiliser, for example, may be resticted by the | 
unwillingness of the farmer to apply the optimum and, on the © 
other hand the main restrictive factor to the increased use of © 
agricultural chemicals may be the need for more selective ~ 


chemicals. The speed of economic progress may depend 


therefore on the rate of change of a predominant factor within © 


the system and may be accelerated by increasing the rate of 
change of the restrictive factor in a positive direction. 

The economics of agricultural aviation are influenced by 
many and various factors outside the control of the operators 


and the success or failure of the service depends on the trend, 
direction and rate at which influencing factors are moving. It _ 
is suggested that a considerable numter of factors are moving ~ 
in a direction favourable to agricultural aviation but the time — 


taken to produce the conditions in which the use of the aero- 


plane in this country will be profitable depend on the rate é 
of change of the dominant factors. Some people may draw the — 
conclusion that agricultural aviation has been introduced pre- — 


maturely as a tool of agriculture. 


NEWER METALLIC MATERIALS OF CONSTRUCTION F 


Dr. N. P. INGLIS 
To be given on 21st February 1961 


The paper deals with the so-called new metals, such as 
titanium, zirconium, hafnium, beryllium, niobium and tantalum, 
in which there is now so much increasing interest because new 
technological requirements are demanding materials of con- 
struction with properties which are not realised by existing 


materials. The status of each of these metals is dealt with in | 


The difficulties encountered in the extraction, melting and 
alloying, and processing of titanium and its alloys are outlined 
and the properties of the titanium alloys now available or in 
an advanced stage of development are detailed. Some emphasis 
is given to the very important position of titanium as a corrosion 
resistant material, particular reference being made to its ex- 
ceptional resistance to polluted seawater under a variety of 
conditions. Data are given on recent discoveries which have 
demonstrated that methods of anodic passivation are particu- 
larly applicable to this metal. 

The considerable developments which have taken place in 
making wrought zirconium and zirconium alloys commercially 
available are described and the value of this material for 
certain types of nuclear reactors is emphasised. 

The interest in hafnium as a material for control rods in 
nuclear reactors is discussed and information given on its pro- 
cessing and the effect of purity on its properties. 

The production of wrought components in beryllium is 
described. The position regarding methods of improving exist- 
ing production processes and improving the ductility of the 
material are discussed. The paper also contains some specula- 
tion on the possibilities of teryllium alloys possessing particu- 
larly high strength-weight ratio which might find application 
in aircraft or super centrifuge duties. 

Reference is made to current interest in niobium, both from 
the point of view of providing a material suitable for a really 
high temperature nuclear reactor and also as a base for metallic 
components at higher temperatures than are allowed by 
existing materials. 

Tantalum is of industrial interest, not only because of its 
extreme corrosion resistance, but also because the electrical 
and chemical stability of its oxide film makes it particularly 
attractive in electrolytic capacitors, Ways and means of achiev- 
ing the very high purity required in tantalum are described. 
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The Sixteenth British Commonwealth Lecture 


The Story of Indian Air Transport 


BY 
J. R. D. TATA 


(Chairman, Air-India International) 


The Sixteenth British Commonwealth Lecture, The Story of Indian Air Transport, by 
Mr. J. R. D. Tata, Chairman of Air-India International, was given before a distinguished 
audience on 18th November 1960 at the Institution of Mechanical Engineers, Birdcage Walk, 
London, S.W.1. 

The President of the Society, Dr. E. S. Moult, C.B.E., B.Sc., F.R.Ae.S., M.I.Mech.E., 
presided at the meeting. Before introducing the Lecturer the President explained that hitherto 
the election of Fellows had been initiated by the Council and announced once a year but, 
under the new By-Laws, Fellowship was to be regarded as a position which could be 
attained by any qualified member who had reached a position of eminence and responsibility 
in the profession of aeronautics. At the same time it had been decided that the announce- 
ment of such elections should be made not just once a year, but on occasions such as this. 

The names of 22 members who had been elected to Fellowship since May 1960 were 
then read out by the Secretary. (These names were published in the December Journal—Ed.) 

After congratulating the new Fellows, Dr. Moult said that the British Commonwealth 
series of lectures started at the end of the War in 1945, and had continued annually until 
the present day. Throughout the years they had had a series of outstanding lectures on 
subjects associated with aeronautics in the Commonwealth, given by most distinguished 
lecturers. The stature of this lecture was set for all time in 1954 when His Royal Highness 
The Duke of Edinburgh addressed them on “Aviation and the Development of Remote Areas”. 
Now they were to hear about the growth of aviation in one of the great members of 
the Commonwealth. Air Transport in India was now thirty years old and there was no 
one more suited to tell the story of that thirty years than their lecturer, Mr. J. R. D. Tata. 

Mr. Tata had been actively associated with this development all his working life. Indeed, 
it was true to say he had had a major part in it. He learned to fly in 1929 and personally 
flew the first scheduled transport service in India in 1932. He had been associated with 
aviation throughout all these years and a few years ago was president of I.A.T.A., the 
International Air Transport Association; he was now Chairman of Air-India International. 
He had great pleasure in asking Mr. Tata to give the Sixteenth British Commonwealth 

Lecture, ““ The Story of Indian Air Transport.” 


HE STORY of Indian Air Transport can con- 
veniently be divided into three periods. First, the 
early days up to and including the Second World War, 
then the stormy post-war years from 1946 to 1953 when 
the industry showed the greatest development and 
vitality while flying headlong towards its own ruin, and 
finally the present era since nationalisation in August 
1953. 


PART I 
The Early Beginnings 


While some in India may claim that passenger air 
travel, although admittedly on a somewhat limited 
scale, really began with the Flying Gandharvas of 


months before the first mail flight took place in Eng- 
land from Hendon to Windsor Castle as part of the 


celebrations for the coronation of King George V, Mr. 
Henri Piquet, flying a Humber bi-plane, carried mails 
by arrangement with the local postal authorities from 
the exhibition grounds at Allahabad to Naini Junction, 
some six miles away. The mails were duly delivered 
in thirteen minutes. It is worth noting, incidentally, 
that this flight was organised by the same Captain 
Wyndham, later Commander Sir Walter Wyndham, who 
was responsible for the subsequent Coronation mail 
flight and was thus the real founder of the air mail. 
This commendable piece of pioneering enterprise on 
the part of the Indian Postal authorities, coupled with 
the passing in the same year of an Act regulating in 
considerable detail the flight of aircraft over Indian 
territory at a time when the motor car was still a 


. Hindu Mythology, I shall content myself with the his- novelty, shows that the Government of India was then 
c torical fact that this great business of air transport, one of the most air-minded Governments in the world. 
¥ § which today plays such a vital réle in world commerce, It also seems to have been exhausted by this twin 
s travel and communications, was born in India when, effort for, except for adherence to the International 
1 — on the 18th of February 1911, and therefore about four Convention on Air Navigation in October 1919, nothing 


remotely connected with air transport happened in India 
until after the First World War. Proposals for 
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By courtesy of Mr. J. S. Parakh 
A post-card carried on the World’s First Air Mail flight. Betwpifauc 


Ficure | (below): 18th February 1911: Mr. Henri Piquet in 
the Humber biplane in which he carried, from Allahabad to 
Naini, the World’s First Air Mail. 


activity. In 1926 it submitted to Government a re- | 


markable memorandum which also happened to be its | the 
swan song as its own dissolution was one of its recom- | Wh 
mendations. The Board’s memorandum, entitled “ The — Eu 
Past History and Future Development of Civil Aviation ~ Du 
in India,” although written thirty-four years ago, makes ; wel 
fascinating reading to this day. After contrasting | tra 
India’s-*eglect of commercial aviation up to then with 
her admirable suitability for the development of “Aerial — 
Transport” and her strategic geographical position as ; suf 
“an all important link in future air communications 4 : 

ri¢ 


in any air route between Great Britain and her Eastern 
Dominions,” the Board made a number of specific recom- 
mendations, aimed at ensuring the rapid development 
of civil aviation within India and its participation in 
external air services. These included proposals for: 


(a) establishing landing grounds and other ground 4 
facilities; 
(6) the whole-time appointment of a Director of » 


establishing an air service between Cairo and Karachi 
were then the subject of discussion between London and 
Delhi, and India agreed to contribute half the cost of 
maintaining aerodromes at Bushire, Bunder Abbas and 
Chahbar. The abandonment of this scheme, because 
of unsettled conditions in Arabia and Iraq at the time, i af 
saved the country expenditure of no less than £200 per Civil Aviation; j 
year representing half the amount originally committed. (c) a systematic survey of main trunk routes; and 
Things were pleasantly quiet again for some years, (d) the inauguration of an air service between 


until in 1925 the British Air Ministry contracted with 
Imperial Airways to operate regular services between 
London and Karachi. The first segment to Cairo was 
inaugurated early that year and the time for India to 
become a vital link in Empire and Commonwealth 
communications was suddenly near at hand. 

The Indian Air Board, an advisory committee of 
senior officials of the Government of India, which had, 
it seems, distinguished itself mainly by total inaction 
since its formation in 1920, was galvanised into feverish 


Calcutta and Rangoon and the grant of a subsidy | 


to the Company entrusted with its operation. 


The most remarkable recommendation, however, | 


although in my view not the most sensible, was that 


Government should, from the start, “ put forward its | 


claim to participate as a principal in contracts for ex- 
ternal air services and intimate their readiness to share 
in the financial liabilities of such contracts.” The Board 
predicted that unless Government was prepared to take 
positive action on those lines. “the whole of aerial 
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colonialism. 


| correspondence between London and Delhi, 
I can only attempt an intelligent guess as to 


) line to Australia thus reached the shores of 


R. D. TATA 
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transportation in India would fall and be concentrated 
in foreign hands, Indian capital and enterprise would be 


> ousted, and effective control of Indian interests would be 


difficult or impossible to achieve.” “Unless India,” 
warned the Board in a refreshing departure from 
‘ officialese,’ “to some extent pays the piper, she will 


not be able to call even part of the tune.” 


The Board’s recommendations were approved by 


Government and the Indian Legislative Assembly in 


February 1927, and Mr. Francis Shelmerdine (later 
Sir Francis and D.G.C.A. in England) was appointed 


) in 1927 India’s first Director of Civil Aviation. Among 
© the approved recommendations was the decision that 


India must participate “as a principal,” i.e. operation- 
ally and financially, in any British through service across 
India. This brave but impractical decision failed to 
take into account the technical, administrative and eco- 


; nomic realities of long range international air operations. 
It seems obvious today that the Imperial route to Aus- 
© tralia, 12,000 miles long, cutting across four Continents 


and as many seas, could not be split up into separate 
pieces under separate ownership and control without 
a great deal of trouble, complications and loss of 
efficiency. 

A puzzling aspect of the matter was Britain’s accep- 
tance of India’s insistence on full participation over the 


© Indian sector of the through route to Australia, because 
+ such participation could not be achieved without inter- 
» fering with the efficient operation of this great imperial 
> air route and without ultimately leading to a denial to 


the British airline on this route of facilities and rights 
which would have to be granted sooner or later to other 
European carriers. This did in fact happen with the 
Dutch in 1930 and the French in 1931, both of whom 
were allowed to operate through India with normal 
traffic rights, their services to Indonesia and Indo-China 
respectively. That such a situation was allowed to be 
created at a time when Britain’s control over India was 
supreme, does credit to the democratic and liberal spirit 
of the British administration in both coun- 


) tries in those days, but not to their judgment. 
') Viewed in retrospect, it provides an inter- 
) esting flashback to imperial policies of the 


time and to the strains involved in an at- 
tempt to make bed-fellows of liberalism and 


Not having access to the original files and 


what subsequently happened. Committed 
up to the hilt to the principle of active opera- 
tional and financial participation, the painful 
moment for action came to the Govern- 
ment of India on 7th April 1929, when 
Imperial Airways’ London-Cairo service was 
first extended to Karachi, and the Imperial 


India. The extension of the service to Delhi 


Ficure 2. Air Routes in 1929. 


as a first step towards Calcutta and Singapore could no 
longer be delayed. 

Government had already created, at least on paper, 
an entity called the Indian State Air Service, but had 
failed up to then to cover its bones with the flesh of 
organisation and equipment. It would seem that, faced 
with the dilemma of either admitting a mistake and 
seeking a reversal of policy from the then Legislative 
Assembly or going ahead with the project and finding 
money for it, the Government of India evaded both 
alternatives by resorting to the somewhat transparent 
device of sub-contracting to Imperial Airways the ex- 
tension to Delhi under a charter arrangement which 
was entered into initially for a period of two years. 
While under this arrangement operations were in the 
name of the Indian State Air Service, all technical and 
operational control was left comfortably in the hands 
of Imperial Airways, who also provided the aircraft. 
In this form I.S.A.S. began to function, if not to 
operate, on 20th December 1929. 

Neither the Legislative Assembly nor the public was 
deceived by this bit of camouflage under which India 
paid the piper without calling the tune. A storm was 
raised in press and parliamentary debates and Govern- 
ment had no alternative but to proceed with plans to 
give the Indian State Air Service a fleet and an admin- 
istration of its own. Four Avro X aircraft were 
ordered and a start made on building up an organisa- 
tion. The project was, however, promptly abandoned 
in 1931 on the providential recommendation of a Re- 
trenchment Committee of the Assembly, owing to the 
economic blizzard which hit India along with the rest 
of the world. 

Then came a brief interlude, not without a touch 
of humour when, in January 1932, the little Delhi 
Flying Club came to the rescue. With one Gipsy Moth 
loaned by the Government and one Indian pilot, it 
took over from mighty Imperial Airways the Karachi- 
Delhi service and operated it most efficiently until July 
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1933. Obviously, however, this could only be a stop- 
gap arrangement. Apparently still anxious, and under- 
standably so, to back-pedal out of a troublesome and 
costly commitment which they did not have the means 
to implement, the Government of India once again 
found an ingenious, but hardly ingenuous, solution to 
their problem. By agreement with the British Air Min- 
istry, they sponsored early in 1933 an Indian company— 
called Indian Trans-Continental Airways—to operate 
the Karachi-Singapore sector of the U.K.-Australia 
route in partnership with Imperial Airways. 

From the point of view of carrying out the spirit 
of the undertaking given to the Legislature in 1927, 
the arrangement was perhaps a little better than the 
original charter agreement with Imperial Airways, but 
it blatantly violated the specific assurance given by 
Government to the Legislature in 1929, that 75 per cent 
of the voting rights in any company formed to operate 
the Trans-India route would be in Indian hands. In 
fact, 51 per cent of the capital of I.T.C.A. was allotted 
to Imperial Airways, the balance being held jointly by 
the Government of India and Indian National Airways, 
a new Indian airline, of which more anon. 
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Ignoring the moral aspects, the scheme was operation, 
ally a practical and sensible one and it did endeavour to 
assuage Indian feelings by offering training facilities 
for Indian staff and a subsidy from Britain for a period 
of six years, thus relieving the Government of India from 
any financial risk. In addition, India was permitted to 
settle postal charges for the carriage of air mail op 
the whole of the England-Australia route in sterling 
instead of gold francs. 

Prudently, the creation of I.T.C.A. and its capitalj. 
sation were not disclosed to the Indian Legislature until 
the end of September 1933, nearly three months after 
the company had actually started operations. The 
scheme was naturally opposed, but it would seem that 
the members of the Indian Legislature had exhausted 
their interest in aviation and their pugnacity on its 
behalf in the 1927 debates, for the I.T.C.A. scheme was 
in the end somewhat tamely approved. 

Indian Trans-Continental Airways bought or took 
over from Imperial Airways two Armstrong Whitworth 
XV Atalanta aircraft. Every alternate service on the 
Karachi-Delhi-Calcutta-Rangoon-Singapore sector of the 
route to Australia was operated under the Indian Flag 
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. down off the coast of Spain. 


TATA THE STORY OF INDIAN AIR TRANSPORT 
FicurRE 4. 15th October 1932: The start of Indian 


scheduled Air Transport. The author having flown 

the first leg of the inaugural Karachi-Madras flight, 

hands over to Mr. Nevill Vintcent at the Bombay 
“airport” (Juhu mud flat). 


and in the name of Indian Trans-Continental 
Airways, but in fact, by Imperial Airways who 
provided the crews, management and all technical 
services. 


The Birth of Indian Air Transport 

The eastern extensions, in one guise or 
another, of the London-Karachi service described 
above was never an Indian operation except 
during the brief Delhi Flying Club episode. 
Indian scheduled air services, in the real sense, 
began in 1932. They had their origin in the lone 
vision and efforts of a far-sighted and immensely 
able man whose name was Nevill Vintcent. After a fine 
career in the R.A.F., Vintcent and an associate, J. S. 
Newall, came to India in 1929 in two First World War 
D.H.9’s on a “barnstorming” tour, in the course of 
which they flew over the greater part of India and sur- 
veyed a number of possible air routes. Vintcent real- 
ised from the start the immense potentialities of 
commercial aviation in India and, in order to get the 
necessary backing for his scheme, he joined the firm 
of Tatas in a happy and fruitful association which lasted 


until his death in 1942. While returning from a mission 


to England in connection with a Tata project for the 
manufacture of military aircraft in India, he was lost 
at sea in an R.A.F. Bomber presumed to have been shot 
I had the privilege of 
being associated with Nevill Vintcent from the begin- 
ning of his career in India and cannot pass over this op- 
portunity of paying tribute to the memory of a gallant 
and resourceful man who was undoubtedly the founder 
of Indian air transport. 

The plans prepared by Vintcent for Tatas in 1929 
for a service between Karachi-Bombay-Madras to con- 


' nect with the Imperial Airways service at Karachi failed 


at first to secure the approval of the Government of 
India, at the time preoccupied with the problems of 
the Trans-India service mentioned earlier. Pending a 
more favourable response to the Tata scheme, and to 
gather experience, Vintcent accepted the managership 
of the Indian State Air Service in 1930 but returned 
to Tatas as soon as the project was abandoned in 1931. 

The proposal for the Karachi-Ahmedabad-Bombay- 
Bellary-Madras mail service was finally approved in 
1932 when, after prolonged negotiations with Govern- 
ment, Tatas finally agreed to operate it without any 
guarantee of mail revenue or subsidy. The service was 
inaugurated on the 15th October 1932, with a Puss 
Moth, which I flew from Karachi to Bombay via 
Ahmedabad, and which Vintcent took over at Bombay 
for the rest of the flight to Madras via Bellary. “Tata 
Airlines consisted then of one Puss Moth, one Leopard 
Moth, one palm-thatched shed, one wholetime pilot, 


assisted by Vintcent and myself, one engineer on a part- 
time basis, two apprentice-mechanics and unlimited 
optimism. Both ex-apprentices, incidentally, are still in 
Air-India today, one of them in a high management post. 

No doubt air mail services were being operated at 
the time in other parts of the world with single-engined 
aircraft, but none, I should think, with less support from 
the ground as the early Indian services received. 
Taking Tata’s Karachi-Madras 1,300 mile route as an 
example, with the exception of Karachi, which had radio 
and night landing facilities of a sort, the rest of the 
route was totally devoid of any aid whatever and 
Bombay, the principal base of the airline, did not even 
have an all-weather aerodrome. The Bombay “airport” 
was a dried mud flat near the sea serviceable only during 
eight months of the year. At high tide during the mon- 
soon the “ aerodrome” was more or less at the bottom 
of the sea! The airline had then to transfer opera- 
tions bodily to a small landing strip at Poona next to 
Mahatma Gandhi’s favourite residence, the Yeravda 
Jail. As there were no lighting facilities at any of the 
airfields on the route no night flying was possible and 
with a night stop at Bellary the average speed from 
Karachi to Madras was a snappy 40 miles an hour. 
The route crossed 5,000 ft. high hill ranges, deserts, 
swamps and parts of the country which received up to 
300 inches of rain a year, all concentrated in four 
months. Apart from heavy monsoon rains, the route 
was subject to thunder storms, sand storms and severe 
turbulence. Notwithstanding these somewhat unhelpful 
conditions, Tata Airlines, during its first year of opera- 
tion, flew 160,000 miles with an unbroken record of 
regularity. 

While Tatas were the first to operate scheduled air 
services in India on a permanent basis, the honour of 
providing the first indigenous air transport operation 
must go to the Delhi Flying Club, which, as stated 
earlier, temporarily flew the mails between Karachi and 
Delhi for the Government of India from December 1931, 
when the charter arrangement with Imperial Airways 


lapsed. 
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Ficure 5. Air Routes in 1939. 


In 1933 Tata Airlines were followed on the Indian 
air transport scene by Indian National Airways, a com- 
pany based at Delhi, and formed with the dual purpose 
of operating services of its own and participating along 
with the Government of India as one of the two Indian 
minority shareholders in Indian Trans-Continental Air- 
ways. I.N.A. began operations of their own on Ist 
December 1933, when they inaugurated a weekly 
passenger, mail and freight service between Calcutta and 
Rangoon and between Calcutta and Dacca, now in 
Pakistan, with de Havilland Dragon aircraft. 


A third airline, Air Services of India, came on the 
scene in 1937 to operate passenger services between 
Bombay and some of the Indian States in Kathiawar 
and between Bombay and Kolhapur to the south east. 
Its fleet consisted of de Havilland Fox Moths, Percival 
Gulls and D.H. Dragons. A point of interest is that 
this company decided to charge only a little over 
second class rail fares. As costs. even at 100 per cent 
load factor, must have been well above first class rail 
fares, the operation was not exactly profitable and the 
services closed down within two years. 


In the meantime, Tata Airlines and Indian National | 


Airways made unspectacular but steady progress. 
Apart from increasing the frequency of their main 


Karachi-Madras route, Tata Airlines introduced new | 


services to Delhi in the north and Trivandrum in 
the south with modest financial assistance from the 
Governments of the then autonomous States served by 
the route. As shown in Appendix I, total operations 
grew from 154,000 miles in 1933 to nearly 600,000 miles 
in 1937. Except in the first year of operations, Tata 
Airlines never failed to make a profit until, after its 
incorporation under the name of Air-India, its position 
began to deteriorate in the early post-war years and it 
shared in the ultimate debacle. 


Empire Air Mail Scheme 

With the introduction of the Empire Air Mail 
Scheme, came the opportunity for a big step forward. 
Until then, only mail bearing a surcharge was carried 
within India or between India and other countries. In 
1934. the British Post Office formulated a revolutionary 
scheme under which all first class mail between Empire 
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or Commonwealth countries served by the U.K.- 
Australia and U.K.-Africa routes was to be carried by 
air without any postal surcharge and at only a minimal 
increase in Ordinary overseas postage rates. It unfor- 
tunately took three years for this bold and imaginative 
scheme to fructify, and it was inaugurated on the 


London-Cairo sector of the U.K.-India-Australia route ~ 


only in June 1937 and across India in February 1938. 
Apart from the immense saving of time it afforded 
at practically no cost to users in the participating coun- 
tries, the scheme greatly stimulated both the operation 
of airlines in the areas in which it was in force, and the 
development of larger and faster aircraft. In India 
itself it galvanised the young air transport industry. 
Tata Airlines and Indian National Airways were granted 
ten-year contracts with guaranteed minimum payments 
for the carriage of first class mail on the Karachi- 
Colombo and Karachi-Lahore routes. On the basis of 
these contracts, the two airlines were able to effect a 
striking expansion of their operations and to renovate 
their fleets. In fact, within one single year, there was 
an increase of operations greater than that in the four 
preceding years. Total miles flown increased two and 
a half times, passenger miles over three times, mails 
over four times and freight nine times (Appendix I). 
One of the most noteworthy facts about the Empire 
Air Mail Scheme was that, contrary to expectations, 
postal revenues earned almost equalled expenditure in- 
curred during the very first year of operations and there 
was every indication, when the War intervened, that 
they would soon surpass it. Although the life of the 
scheme was cut short by the War, it will retain its place 
in the history of world air transport as a striking land- 
mark for which British Postal and Civil Aviation 
authorities of the mid-thirties deserve the greatest credit. 


Air Transport Goes to War 

As in most other countries, the outbreak of the 
Second World War profoundly affected the operations of 
air transport in India. On the international scene, the 
Empire Services were drastically curtailed. The “ all- 
up” air mail scheme was abandoned, the England- 
India-Australia service was reduced to two flights a 
week, heavy surcharges were imposed on mails, and 
passenger traffic was wholly controlled. The entry of 
Italy into the War and the fall of France closed down 
the flying boat route through the Mediterranean which 
was replaced by the famous “ Horseshoe ” route around 
Africa. On the entry of Japan into the War in Decem- 
ber 1941, the normal route to Australia, east of 
Rangoon, had to be abandoned and by February 1942, 
as a result of the Japanese occupation of the Netherland 
East Indies, Calcutta became the eastern terminus of 
all services from the west. However, somewhat pre- 
carious air communications were later re-established 
with Australia by way of Colombo, using Consolidated 
“Catalina” amphibious flying boats and involving for 
a time the longest non-stop route sectors in the world. 

On the Indian domestic scene, all air transport was 
geared to war needs. A number of air services were 
suspended in order to meet changing war requirements, 


the 1938 mail contracts were suspended and new con- 
tracts entered into under which the entire operating 
capacity of the two airlines was placed at the disposal 
of Government, only spare capacity, if any, being avail- 
able for commercial traffic. A flexible basis of pay- 
ment was adopted under which Government paid all 
fixed standing charges plus an agreed rate per mile, 
and shared with the companies any commercial revenue 
earned. Under this agreement operations could be ex- 
panded, curtailed or modified to any extent in accord- 
ance with changing requirements without affecting the 
financial stability of the airlines. 

While the War disrupted and curtailed some services, 
it also created opportunities for expansion and diversi- 
fication. The airlines were given many special assign- 
ments, such as the survey of the South Arabian route 
on behalf of the R.A.F., the carriage of supplies to Iraq, 
the transport of civilian refugees from Burma and the 
overhaul and maintenance of R.A.F. equipment. 

As was to be expected, however, the airlines’ greatest 
problem during the War was the availability of trans- 
port aircraft. Government requisitioned all miulti- 
engined equipment consisting mainly of de Havilland 
89’s and 86’s for atiti-submarine and other duties, and 
left the airlines with only their older single-engined 
obsolescent aircraft of small capacity with which to 
maintain their services. Tata Airlines, however, suc- 
ceeded in supplementing their four-seater Wacos with 
Stinson tri-motor aircraft bought second-hand from an 
American airline. Relief came towards the end of the 
War when Government loaned to the two Indian 
companies some Lend-Lease twin-engined Beechcraft 
Expeditors and finally a few DC-2’s and DC-3’s. 

As in other countries, one sphere in which the War 
brought far reaching and long term benefits to civil avia- 
tion was in the construction of many new aerodromes 
equipped with long concrete runways and in the notable 
expansion of meteorological services, radio communi- 
cations and landing aids. India was particularly for- 
tunate in this respect, as it emerged from the War 
with no less than forty-four such aerodromes and a 
network of radio ranges and beacons. 


PART I 
Post-War Era: The Tymms Plan 


Civil Aviation in India was restored to commercial 
status on Ist January 1946. The Indian air transport 
industry, which then consisted only of Tata Airlines and 
Indian National Airways, although relatively small, was 
well organised, experienced in the handling of modern 
aircraft, and financially sound. It could look forward 
to great opportunities ahead with every assurance that 
the development of civil aviation after the War would 
be on sound lines as well as extensive. For, as early 
as 1943, the Government of India had shown commend- 
able foresight in placing Captain F. C. Tymms, M.C. 
(later Sir Frederick Tymms), who had succeeded Sir 
Francis Shelmerdine as Director of Civil Aviation in 
1931, on special duty to prepare post-war plans for 
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civil aviation in India. Armed with vast technical and 
administrative experience and an alarming capacity for 
work, Sir Frederick submitted by September 1943, a 
series of carefully thought out papers on all aspects of 
post-war aviation. 

Of special interest to us was the one in which he 
made detailed and specific recommendations covering 
the establishment, operation, regulation and financial 
support of air services within India and to countries 
abroad. He estimated that the total capacity required 
to be provided in the initial post-war period would be 
something under 20 million ton miles, requiring in all 
less than 40 aircraft of the DC-3 type. Based on these 
estimates, he made the vital recommendation that 
scheduled air services should be entrusted for operation 
to a limited number of private airline companies, not 
exceeding four, each with adequate route mileage and 
scope for development so as to ensure efficient and 
economic use of aircraft, ground equipment and man 
power. The companies were to operate on a com- 
mercial basis, backed by an ingenious system of sub- 
sidies under which operators failing to achieve certain 
costs and/or revenue targets would incur losses and 
those beating the targets would make a profit. 

These proposals were coupled with the recommen- 
dation that all scheduled services should be licensed by 
an autonomous Licensing Board. The Government of 
India generally approved of Sir Frederick’s recom- 
mendations and amended the Indian Aircraft Act and 
rules to provide for the licensing of air transport 
services. 


Air Transport Licensing Board 


The basic Tymms Plan was eminently sound and, 
properly implemented, would have ensured the safe and 
orderly development of the industry. In fact, it was 
doomed from the start as the interim Government, 
formed in September 1946, proceeded to discard the one 
recommendation essential to its success, namely, that 
the number of airlines operating scheduled air services 
should be limited to three or at the most four. I am 
quite sure that if Sir Frederick had known in advance 
that this indispensable condition would be thrown over- 
board, he would have recommended the alternative of 
a single State Corporation, the relative merits of which 
he had, incidentally, carefully discussed in his report. 

The post-war boom atmosphere engendered by the 
pressure of large funds seeking investment, combined 
with the almost unlimited availability of war-surplus 
Dakota aircraft at absurdly low cost, led entrepreneurs 
as well as Government, both sadly ignorant of the 
economic realities of airline operations, to believe that 
Sir Frederick Tymms had grossly under-estimated the 
potentialities of air transport and the vast opportunities 
it offered for making a fortune. The careful calcula- 
tions and sound reasoning embodied in the Tymms Plan 
were cast to the winds and the Licensing Board, estab- 
lished solely for the purpose of ensuring sound and 
orderly development, was made the very instrument of 
chaos. In fairness to its hapless members, it must be 


said that the Board, although constituted as an auto- 


nomous body, was in fact never allowed to function as 
such and from the start had to bow to ministerial inter. 
ference and pressures aggravated, incidentally, by the 
conflicts and passions generated by the impending 
partition of India. 

By the time the Board was ready to consider appli- 
cations, no less than twenty-one companies with a total 
authorised capital of over £30 million (Rs. 40 crores) 
were registered and well over a hundred Dakotas 
acquired by their sponsors from American  war- 
surpluses. Within six months of the Air Transport 
Licensing Board starting work, it had over a hundred 
applications for some 96 routes covering the whole of 
India. By the middle of 1947, the Tymms post-war 
Plan was reduced to a shambles, when provisional 
licences had been granted to eleven companies over 
51 routes. The scene was well and truly set for the 
ultimate and inevitable debacle. 

The situation was further complicated by the parti- 
tion of India in August 1947. Karachi, up to then the 
western air-gateway of undivided India, suddenly be- 
came the capital of a hostile foreign country, with 
which India found itself all but at war. The air routes 
previously operated in the transferred areas had to be 
abandoned by the Indian operator concerned, while one 
of the new airlines transferred its allegiance to Pakistan 
and its headquarters to Karachi. 

The newly licensed airlines were deficient in organ- 
isation, equipment, training and operational standards, 
while many of the routes for which licences were sought 
and granted lacked traffic potential and were therefore 
totally uneconomic. In the absence of enough remu- 
nerative routes to allot to all the airlines, the Licensing 
Board resorted to the fatal device of licensing a number 
of operators on the same or substantially the same 
route—on the Bombay-Calcutta route as many as three 
operators were licensed simultaneously—each restricted 
to a single daily flight. As a result, all airlines were 
deprived of the chance of a reasonable utilisation of 
their equipment aad staff, and costs sky-rocketed. 

One of the main serious consequences of this state 
of affairs was that, operating on a shoe string, most 
airlines were unable to maintain the high standards 
essential to an industry so closely concerned with safety, 
nor could they provide for later re-equipment with 
modern aircraft. Furthermore, none of the new en- 
trants could afford to establish the repair and overhaul 
facilities necessary to make the industry self-supporting. 
They depended for such facilities on the Government- 
owned factory of Hindustan Aircraft at Bangalore, the 
only one in the country. In the event of an emergency 
which would have required Hindustan Aircraft to con- 
centrate its resources on serving the Indian Air Force, 
at least half of the Indian air transport industry would 
have ground to a halt within a few weeks for want of 
overhaul and repair facilities. 

The economic pressures on the industry were par- 
tially relieved during 1947 by a fortuitous demand for 
air transport for the evacuation of refugees from 
Pakistan and for a military airlift to Kashmir. These 
operations afforded valuable but fleeting relief to 
operators, and by 1948 the first signs of disintegration 
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THE STORY OF INDIAN AIR TRANSPORT 


appeared with the failure of two of the new Licensees. 
Government and the Air Transport Licensing 
Board now found themselves caught in a trap of their 
own creation. 
been granted by the A.T.L.B. Bad as it was, the situa- 
tion would eventually have retrieved itself if Govern- 
ment had allowed the natural, although admittedly 
harsh, process of contraction which had already begun, 
to continue until only three or four strong companies 
survived, each with adequate route mileage and traffic 
potential to ensure economic and efficient operation. 
Unfortunately, Government, being themselves largely re- 
sponsible for the deplorable state of the industry, were 
not prepared to face the uproar which might have 
followed the failure, one after another, of airlines which 
they had so recently encouraged to come into being. 
On the instructions of Government, ten-year licences 
were granted in July 1949 by the A.T.L.B. to most of 
the domestic operators which up to then had operated 
on provisional licences. The die was cast. 
Contributory causes of the industry’s difficulties were 
the heavy duty on petrol which amounted in 1949 to 


= @_AMRITSAR 


LAHORE 


\ 


KARACHI 


COIMBATORE 


COCHIN 


TRIVANDRUM 


Ficure 6. Air Routes in 1947. 


Up to then, only provisional licences had . 
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17 pence (15 annas) per imperial gallon, equivalent to 
33 per cent of the total cost of fuel, and the fact that 
fares and freight rates were fixed by the Licensing 
Board at totally uneconomic levels in relation to costs 
of operation. They were in fact the lowest in the world 
as they still are today, while operating costs were far 
from being also the lowest. 

While they were unable or unwilling to bring order 
out of chaos by drastic means, Government, realising 
the critical situation into which the policy of indis- 
criminate licensing had placed India’s air transport 
industry, granted minor concessions. They first per- 
mitted small increases in fares in 1947 and 1948, and 
in the next year they allowed an increase in the per- 
missible “all-up” weight of the Dakota—a measure 
of doubtful soundness from the safety point of view in 
a country where aircraft performance was severely 
affected by high temperatures and of little value to 
most of the airlines which operated at pitifully low 
load factors and had, therefore, no use for the extra 
payload. Further relief measures followed in March 
and April 1949 in the form of a rebate of 10 pence 


INDIAN SCHEDULED AIR SERVICES 
(Domestic and to Adjacent Countries) 


1947 


< 
PAKISTAN 


@CALCUTT 


VISAKHAPATNAM 


KEY : 


AIR-INDIA 
AIR SERVICES OF INDIA 
AIRWAYS (INDIA) 
AMBICA AIRLINES 
BHARAT AIRWAYS 
DECCAN AIRWAYS 
INDIAN NATIONAL AIRWAYS 
INDIAN OVERSEAS AIRLINES 


(Tata Airlines became a public company in 1946 with the 
new name Air-India—Ed.) 


J 
> 
J 
\ 
| 
LUCKNow 
WALIOR 
j 
BHAVNAGAR . AGPUR @ 
AY 
ron 
~. 
~ y 
i y 
4, 
BANGALORE 
. 
| 
| memememem 


10 VOL. 65 


JOURNAL OF THE ROYAL AERONAUTICAL SOCIETY 


JANUARY 1961 


(9 annas) on the customs duty on aviation fuel and 
by the introduction of an “all-up” mail scheme under 
which all domestic mail between centres served by air 
was carried without surcharge. 

The benefits which accrued from these measures 
were, however, largely offset by a substantial rise in 
fuel prices and the extremely low rate of payment for 
the carriage of mail. Such little benefit as did remain 
was far outweighed by the calamitous effect of the 
introduction of the Night Air Mail Service in January 
1949. 


Night Air Mail Service 

This scheme provided one of the most controversial 
landmarks in the brief history of Indian post-war trans- 
port up to nationalisation in 1953. As illustrated in 
Fig. 7 it consisted of a cross-shaped service, connecting 
Calcutta, Bombay, Delhi and Madras, via a common 
central point at Nagpur in the geographical centre of 
India. Four Dakota aircraft were to start from each 
of these four cities sometime before midnight and to 
meet at Nagpur where, after exchanging mail with each 
other, they would continue to one of the other three 
terminal points or return to base, according to the par- 
icular pattern dictated by technical considerations at 
the time. Thus, mails posted at each of these stations 
late in the evening would reach their destination at 
dawn next morning. 

Considered entirely by itself and given certain essen- 
tial pre-requisites, the scheme was a practical and 
imaginative solution to the problem of rapid mail de- 
liveries between these four cities. But under the con- 
ditions existing in 1949 it was both operationally and 
economically unsound, as well as ill-timed and it did 
much to aggravate the disastrous situation in which the 
industry was already floundering. The safe operation 
of such a night service throughout the year, including 
the difficult monsoon season, would have required four- 
engined aircraft, the highest standards of pilot training 
and aircraft maintenace, suitably located emergency 
landing grounds equipped with night landing facilities, 
and adequate navigational and approach radio-aids in 
all four sectors. All or most of these elements did not 
exist or were deficient in 1949. 

From the economic point of view, while such a ser- 
vice might be self-supporting, particularly under an 
“all-up” air mail scheme, this could only be at the 
expense of the existing services. as was forcibly argued 
during the somewhat heated discussions which preceded 
the adoption of the scheme. Airlines licensed on routes 
connecting two or more of the four cities proposed to 
be served by the night air mail pointed out that, while 
heavy additional expenditure would have to be incurred 
on the operation of the new service, it would generate 
little fresh revenue and merely divert existing mail re- 
venues from the day services, which were already losing 
money. The scheme was also strongly opposed, and 
quite rightly so, on grounds of safety. The then civil 
aviation authorities and the Ministry concerned were, 
however, determined to push the scheme through 
against all opposition. In the end, the licence went to 
an airline which, technically and financially perhaps the 
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FiGurRE 7. The Night Air Mail Scheme. 


weakest of all the airlines in the country, was willing 
to risk operating the service without any guaranteed 
mail revenue or subsidy. The Night Air Mail was in- 
augurated on the 31st January 1949, and by May its 
Licensee had got into such serious financial difficulty 
that he had to suspend operations. Two other airlines 
came temporarily to the rescue to keep the night air 
mail service flying until the outbreak of the Monsoon, 
when it was suspended for the next four months. 

During the summer of 1949, further negotiations 
between the civil aviation authorities of the Govern- 
ment of India and the scheduled airlines failed, where- 
upon Government resorted to the extraordinary step of 
giving the licence from October to a small non- 
scheduled operator. They thus added a further licensed 
operator to the excessive number already licensed in the 
country and made things worse for everybody. 

As I personally took a leading part in the negotia- 
tions and public controversy concerning the Night Air 
Mail Service in 1948 and 1949, of which I have vivid 
recollections, some not devoid of humour, my judg- 
ment may be somewhat suspect. With the lapse, how- 
ever, of some eleven years since those stormy days, I 
think I am able to view the matter philosophically and 
certainly with complete freedom from the heat and 
passions generated at the time. I believe today, as I 
did then, that the night air mail scheme, while theoreti- 
cally a good and practical one, was unsound and unsafe 
at the time and should have been postponed for two or 
three years until it could be undertaken with complete 
safety and the calamitous economics of the air trans- 
port industry had been straightened out. Today, under 


totally different conditions, the night air mail operates 
extremely well and safely with four-engined aircraft and 
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plays a most useful rdle in the overall pattern of the 
country’s air transport system. 


International Operations 


In the chaotic and sombre picture of the post-war 
history of Indian air transport the only bright spot was 
the creation and solid success of Air-India International. 
Apart from Indian Trans-Continental Airways, of 
unlamented memory, which was merely a subsidiary 
of Imperial Airways and later of B.O.A.C., Indian 
scheduled external air services had, up to 1948, been 
limited to flights to India’s neighbours: Pakistan to 
the west, Ceylon to the south, and Burma to the east. 

During the War, Nevill Vintcent and I had prepared 
tentative post-war plans of development of our own 
which included in the last stage the operation of external 


| services westwards and, if possible, all the way to 


England. In so far as they related to developments 
within India, these plans were largely fulfilled when 
Tata Airlines was converted into a public company 
in August 1946 under the name of Air-India and em- 
barked on a large programme of development of its 
internal services. By the beginning of 1947 Air-India 
turned its attention to the international scene. B.O.A.C. 
had continued to operate services to India through- 
out the War while K.L.M. and Air France were in the 
process of resuming normal services to Indonesia and 
the Far East. America was entering the field in a global 
way and with the added advantage of having war-surplus 
DC-4 aircraft made freely and immediately available 
to them. By 1947 both Pan-American Airways and 
T.W.A. had opened services through and to India 
respectively. 

It was clear that if India were at all to enter the 
field of long range international services she must do 
so quickly as, once foreign airlines were solidly en- 
trenched on all the world’s best air routes, India’s entry 
would become a difficult and financially risky enterprise. 

By then international air transport had settled down 
to a pattern largely influenced by the so-called Bermuda 
Agreement between Britain and the U.S.A. and regulated 
wholly by bi-lateral treaties between countries. Apart 
from her own growing importance as a great trade and 
travel centre, India had a commanding strategic position 
astride the only practical air route from Europe to the 
Far East and Australia. She was thus in a strong bar- 
gaining position vis-a-vis other countries which operated 
services to or through India or intended to do so. 

Air-India had a detailed plan ready to take advan- 
tage of this happy situation and in the summer of 1947, 
submitted comprehensive proposals to the newly-formed, 
post-independence Government of India. It was pro- 
posed to create a new Company to be called Air-India 
International Limited, in. the capital of which the 
Government of India, Air-India and the public would 
participate, which would be managed and technically 
assisted by Air-India Limited, and would operate, 
initially, regular services between India and the U.K. 
with modern, long range pressurised aircraft. Govern- 
ment were at first somewhat cool towards this proposal 
as they were inclined to prefer a scheme for an airline 


wholly owned and managed by themselves. When, 
however, they realised that the Air-India scheme would 
save both money and valuable time because of the ready- 
made organisation and technical facilities placed from 
the start at the disposal of the project, they readily ac- 
cepted the proposal and gave it from then on their full 
and enlightened support. 

At Air-India’s request, Government agreed to limit 
their capital participation to 49 per cent subject to an 
option to acquire at any time a further 2 per cent from 
Air-India. Air-India were appointed Technical Man- 
agers on a ten-year contract under which all services 
were provided at cost and a small fee charged on a 
decreasing scale at a certain rate per mile flown. Air- 
India were also appointed Air-India International’s 
Chief Sales Agents within India on standard I.A.T.A. 
terms. 

An important feature of the project was that Govern- 
ment undertook, for an initial period of five years, to 
make up any loss incurred by the Company, in the form 
of subsidies repayable out of 50 per cent of future net 
profits. While any such subsidy remained outstanding, 
dividends, if any, were to be restricted to 34 per cent. 

In order to make the earliest possible start, Air- 
India had some months earlier placed a provisional 
order for three Lockheed Constellation aircraft and 
arranged for the training of pilots and other staff. By 
a stroke of luck delivery of the aeroplanes was advanced 
by nearly six months, thanks to the cancellation of an 
order by another purchaser. Thus it was that Air- 
India International, although formally incorporated only 
on the 8th of March 1948, was able to inaugurate its 
Bombay-London service by 8th June of the same year. 

The scheme proved from the start a highly success- 
ful experiment in joint State and Private enterprise, in 
which the public interests as well as Government’s and 
Parliament’s desire for control were fully safeguarded 
by specific provisions in the agreement between Govern- 
ment and the Company, while day-to-day management 
was left to experienced private enterprise. 

Air-India International inaugurated its operations 
with a weekly service between Bombay and London 
on the 8th June 1948, since when it has never looked 
back. By 1952, when the decision to nationalise air 
transport was taken, it had in four brief years more 
than doubled the 1949 level of its operations and from 
its first full year made a profit each year except for 
one minor setback in 1952. I shall revert later to its 
subsequent history and progress. 

Although it was the intention at first to treat Air- 
India International as India’s sole chosen instrument 
for the operation of long range international services, 
an exception was made in 1949 in the case of one of 
the domestic airlines which, having acquired Skymaster 
aircraft, were permitted to undertake services to the east 
of India. They inaugurated services to Bangkok in 
May 1949, to Singapore in 1950 and to Jakarta in 1952. 
These services are now part of Air-India International’s 
route system. 

Reverting to domestic air transport operations, the 
situation reached by 1950 is reflected in Appendix II. 
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While in five post-war years, route mileage, miles flown 
and traffic carried had shown a phenomenal growth, the 
industry as a whole was operating at a heavy loss of 
about £800,000 (or Rs. 1.10 crores), of which about 
£280,000 (or Rs. 37 lakhs) were met from a subsidy in 
the form of a rebate on petrol duty. The situation was 
in fact worse than disclosed by these figures as most 
of the airlines were unable to provide for any deprecia- 
tion of their assets, let alone for replacements. 


Air Transport Inquiry Committee 

Faced with this situation the Government of India, 
early in 1950, decided, mainly at the request of Air- 
India, to institute an independent enquiry into the state 
of the air transport industry and on the 8th February 
1950 they appointed the Air Transport Inquiry Com- 
mittee headed by a distinguished High Court Judge. 
The Committee were charged with the task of reviewing 
the existing state of the industry and of advising Govern- 
ment on the measures required “to ensure that the 
operation of air services is placed on a firm economic 
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footing and that the future development of air trans. 
port proceeds on sound and healthy lines.” A high 
technical officer of Trans-Australian Airlines was 
appointed Adviser to the Committee. 

The Committee’s report, submitted in September 
1950, largely vindicated the case of the air transport 
industry by confirming that the unsatisfactory condition 
of the industry as a whole was due principally to the 
unsound and indiscriminate working of the licensing 
system under which licences to too many operators 
resulted in wasteful competition, increased costs and 
reduced revenues for all. Dealing with the future, the 
Committee expressed itself in favour of only four 
operators being licensed, thus conforming with the 
original recommendation made by Sir Frederick Tymms 
six years earlier. It recommended that some of the air. 
lines should be merged and that the licences of two of 
them should not be renewed. These, interestingly 
enough, were the very two which had in the past re. 
ceived special support from Government in connection 
with the Night Air Mail Scheme. 

The Committee worked out standard costs and 
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Ficure 8. Air Routes in 1952. 
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recommended a system of subsidies very similar in con- 
igh cept to those proposed in the original Tymms Plan, 

under which airlines meeting or beating their targets 
yould make a profit and those failing to meet the targets 
would make a loss. The Committee discussed the 
alternative of nationalisation in great detail and recom- 
mended the “status quo.” By and large, the recom- 
mendations of the Committee were eminently sound 
and, if implemented, would have not only brought much 
needed relief to the industry as a whole but would also 
have ultimately resulted in the development of a sound 
and dynamic air transport system. In fact, the report 
was totally disregarded by Government! The reasons 
for this were never publicly explained. My own view 
is that the Minister concerned at the time had already 
made up his mind in favour of nationalisation and, for 
tactical reasons, decided to do nothing to strengthen the 
industry in the meantime. It must be admitted that, 
in the circumstances then existing, nationalisation did 
offer the easiest and quickest solution from Govern- 
} ment’s point of view with the added advantage that, 
' while satisfying ideological aspirations in some quarters 
_it would forever still further controversy over its past 
aviation policies. 

By 1952, the condition of all the airlines, except 
one, had, in varying degrees, deteriorated to an extent 
where action could no longer be delayed. The excep- 
tion was a company based at Calcutta which, beginning 
as one of the smallest of the licensed operators in 1946, 
had by 1951 become the largest operator in the country 
in terms of ton-miles flown and was, in addition, the 
only one which did not operate at a loss. The favour- 

able position of this company, in contrast with the rest 
| of the industry, was due to the combination of excep- 
' tionally low costs and exceptionally favourable route 
licences which enabled it to derive the maximum bene- 
fit from the enormous traffic which had artificially de- 

f veloped in the Bengal/Assam region as a result of the 

, loss of surface means of communications between the 
, | two areas resulting from partition. While this company 
- } deserved credit for controlling rising costs more effec- 
tively than its colleagues in the industry, its low costs, 
_ as pointed out by the Air Transport Inquiry Committee, 
were achieved, partly, through the adoption of un- 
acceptably low standards. There were also some un- 
usual factors working in favour of this operator, a 
i reference to which would serve no purpose today. 

In 1952, the Planning Commission recommended 
the merger of all scheduled airlines into a single Cor- 
poration, in the capital of which the existing companies 
would participate pro-rata in exchange for their hold- 
ings, while the Central Government would acquire a 
share large enough to exercise effective control. Govern- 
ment did not accept this recommendation and also re- 
fused even to discuss alternative proposals put up by 
myself on behalf of Air-India for the integration of the 
industry into two strong companies in which the State 
would have an important or controlling share. Govern- 
ment had irrevocably decided upon complete national- 
isation and the only two issues they were prepared to 
discuss were the basis of compensation and the question 
whether there should be two separate corporations to 


take over domestic and international services respec- 
tively, or only one to take over the lot. Government 
at first favoured a single corporation but later accepted 
my strong recommendation in favour of two. 


PART III 


Nationalisation 

In March 1953 India’s Parliament passed the Air 
Corporations Act, which received the assent of the Pre- 
sident on the 20th of May. The main provisions of 
the Act were that “ there shall be two Corporations to 
be known as Indian Airlines and Air-India Inter- 
national,” and that “there shall be transferred to and 
vested in— 

(a) Indian Airlines, the undertakings of all the 
existing air companies (other than Air-India 
International Limited), and 

(b) Air-India International, the undertaking of the 
Air-India International Limited.” 


The provisions of the Act followed substantially the 
corresponding British enactments and the two Corpora- 
tions themselves were largely patterned on the B.E.A./ 
B.O.A.C. concept. The Corporations were to consist 
of not less than five and not more than nine members, 
all of whom were to be appointed by the Central 
Government. In practice, Government have through- 
out appointed the maximum number of members, of 
whom seven are common members of both Corpora- 
tions and five are officials of Government, including two 
Air Force Officers. One of the four non-officials 
represents the leading labour movement in the country. 

In the matter of the price to be paid on acquisition, 
the Government of India, naturally much against the 
wishes of the companies concerned, decided to ignore 
the market value of the acquired assets and to pay only 
the depreciated book value of such assets. As at the 
time, and for some years thereafter, the market value 
of secondhand transport aircraft was at a much higher 
level throughout the world, the Government of India in 
effect acquired the principal assets of the nationalised 
companies at as little as 20 per cent of their true value. 
The companies naturally felt, not it would seem without 
cause, that they had been unfairly treated. 

The will of Government and Parliament naturally 
prevailed and the provisions for compensation finally 
incorporated in the Act were in accordance with Govern- 
ment’s view. The Act provided further that, except 
for 10 per cent payable in cash, the acquisition price 
was to be paid in the form of 5 per cent Five-Year 
Bonds of the Corporations which were duly redeemed in 
1958. Since then, the capital requirements of the Cor- 
porations have been provided wholly by Government 
and treated half as equity and half as loan capital. 

Nationalisation brought to a close an eventful era 
of twenty-one years marked first by pioneering en- 
deavour and slow but solid growth, followed by a phe- 
nomenal but chaotic expansion and finally by contro- 
versy, confusion and collapse. If, in the course of this 
dismal post-war chapter, I have, more than once, criti- 
cised Government, I should make it clear that such 
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criticism has been directed solely at its policies and not 
at Government departments responsible for carrying 
them out and particularly those providing and main- 
taining the ground organisation, the airports and the 
meteorological, radio and other services, all of which 
functioned throughout with great efficiency despite a 
shortage of funds and trained manpower and many other 
difficulties. I would like to take this opportunity to 
thank, and pay tribute to, the band of able and devoted 
men who in these various Government departments 
rendered great services to Indian aviation and were 
aiways most helpful to the airlines before and after 
nationalisation. I am happy to record also that once 
the causes of stress, conflict and controversy were re- 
moved on nationalisation the Government of India’s 
policies and actions and their attitude towards the 
Boards of the two Corporations could scarcely have 
been more correct and. helpful. 


The Post-Nationalisation Era 


On the morning of the Ist of August 1953, the 
Indian Airlines Corporation took over as going con- 
cerns the assets and business of all air transport com- 
panies operating scheduled air services in India and 
between India and nearby countries, while the Air- 
India International Corporation took over Air-India 
International Ltd. Nationalisation opened a new and, 
thank goodness, a more orderly chapter in the story of 
Indian air transport. While at one stroke of the knife 
it excised the tumour that had laid it low, the task of 
rehabilitating domestic operations and making them 
healthy and strong was a formidable one. 

The problems that faced the two Corporations 
differed materially in nature, magnitude and complexity. 
While I.A.C.’s main task was to integrate as rapidly as 
possible the organisations of eight airlines, A-I.I.’s task 
was largely the opposite one of disentangling the pre- 
viously integrated organisation of Air-India Limited and 
Air-India International Limited, and to build a self- 
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FiGurE 9. International Services in 1948. 


_ October 1960. 


_ to rise next year to £17.6 million (Rs. 23.50 crores) and 


contained airline with its own workshops, ground ger. 
vices and commercial organisation. This had to be 
achieved without a moment’s interruption in both the 
external services of Air-India International and the 
internal services of Air-India Limited absorbed by 
I.A.C. The task was facilitated by the fact that the 
Boards of the two Corporations had a majority of 
common members, including the Chairman and General 
Managers of the two Corporations. A carefully though; 
out programme of action was jointly framed and com. 
pleted on schedule, and both Corporations have made 
remarkable and uninterrupted progress since. 


Air-India International 


Taking Air-India first, Government’s decision to 
create a separate Corporation for the operation of long 
range international services proved correct from the 
start. The complications, uncertainties and possible 
lowering of standards which complete and sudden in-} 
tegration with all the domestic airlines under a single 
Corporation might have entailed were avoided. Eff. 
ciency and morale remained unimpaired, while the 
retention of the original name preserved the valuable 
goodwill and reputation earned by the Corporation's 
predecessor both in India and abroad. Conditions have 
changed in the past seven years and there are now pro- 
bably as many arguments in favour of merging the two 
Corporations. This question is in fact periodically 
under joint examination by both the Boards and 
Government. 

The Corporation has continued to operate at a profit, 
albeit a small one, every year. In view of the continu-} 
ous growth of both the Corporations and also the losses | 
made by I.A.C., the Government of India has up to now 
waived the 4} per cent interest on its loans and claimed 
no return on its equity investment in the Corporations. 

The scale of operations and the route system of thes 
Corporation have expanded continuously since 1953, 
when it took over the predecessor company’s Bombay- 
London and the Bombay-Nairobi services. To thes) 
the Corporation added services to Singapore in July) 
1954, to Hongkong in August 1954, to Tokyo in May) 
1955, to Sydney in October 1956, to Moscow in August 
1958, to New York in May 1960, and to Kuwait in 


From a total of three stations served in June 1948, 
the Airline now serves 28 cities in 21 countries, cover-” 
ing five Continents over an unduplicated route system 4 
of 24,671 miles (Figs. 9 and 10). From 1949, the full 
year of its operation, to 1959, available ton-miles have} 
multiplied nine times, passenger miles seven times and 
operating revenues eight times. (Appendix IV.) In 
1959, A-L.I. stood fourteenth among the eighty airline 
members of the International Air Transport Association. — 
It has a capital employed of about £20.5 million (Rs. 
27.28 crores), an annual turnover at the current rate of 
£14.4 million (Rs. 19.17 crores) and a current annual 
output of over 100 million ton-miles, which are expected} 


to nearly 130 million ton-miles respectively. At the 
close of 1959, the Corporation had on its pay roll nearly 
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4,600 employees with a somewhat low productivity rate 
of 12,950 A.T.M. per man. This figure has risen appre- 
ciably since the introduction of the Boeings and is 
expected to reach almost 20,000 A.T.M. per man next 
ear. 

. A recent development of special interest is that 
A-LI. has since April this year entered into a Revenue 
Pool with B.O.A.C. and Qantas. The Pool covers all 
its routes except the Bombay-Nairobi route over which 
B.0.A.C. and Qantas do not operate services and the 
Delhi-Moscow and Bombay-Prague services which Air- 
India already operates in Pool with Aeroflot and Czecho- 
slovakian Air Lines (C.S.A.) respectively. The creation 
of the tri-partite Pool is in line with growing trends 
throughout the world outside the U.S.A. The Pool has 
enhanced the aggregate competitive power of the three 
partners and A-I.I. looks forward to a long, pleasant 
and mutually profitable association with its two great 
Commonwealth partners. 

The fleet of four 749A Constellations taken over in 
1953 has grown, six years later, to nine Lockheed 
1049 Super-Constellations and three Boeing 707 inter- 
Continental jets with a fourth due early in 1961. A-L.I. 
has, from its inception, consistently followed the policy 
of standardising as far as possible on a single type of 
aircraft and engine. This policy could not be main- 
tained during the transition to jet aircraft, but once the 
changeover is complete, the advantages of standardisa- 
tion will become even more pronounced in view of the 


relatively smaller number of units in use. The right 
policy for A-I.I. in the immediate future would, there- 
fore, seem to lie in the enlargement of its present jet 
fleet with the same type of equipment, at least until the 
advent of supersonic aircraft. 

The Airline entered the jet age on the 19th April 
1960 when its Boeing 707’s went into service for the 
first time on its Blue Ribbon route to London. It 
would have done so some five years earlier if the un- 
fortunate history of the original Comets had not resulted 
in the abandonment of the Comet III, for which the 
Corporation had placed an order in 1953. A point of 
interest in regard to A-I.I.’s Boeing order is that it was 
the first airline in the world to specify Rolls-Royce 
Conway engines. The exceptional range and fuel eco- 
nomy of this combination of aircraft and engine ren- 
dered possible the first non-stop flight ever made between 
London and Bombay by a transport aircraft. This was 
achieved in February this year in the course of a delivery 
flight, when the distance of 4,850 miles was covered 
at an average speed of 600 miles an hour in exactly 
8 hours and 5 minutes. As we landed at Bombay I 
recalled, somewhat nostalgically, that it had taken me 
that many days and hours to cover the same distance 
thirty years earlier, almost to the day, when I flew solo 
from Bombay to London in 8 days and 5 hours. 


Indian Airlines Corporation 
I.A.C.’s career has been a more chequered one, but 
its growth and progress has been equally remarkable. 
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Ficure 10. Indian International Air Routes, 1960. 
(Air-India International). 
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At its birth in August 1953, I.A.C. had to absorb eight 
separate airlines with varying standards of organisation, 
operation and administration, a fleet of 99 aircraft. in- 
cluding 74 Dakotas, 12 Vikings and 3 Skymasters, with 
headquarters and maintenance bases in six cities, and 
a total of 7,017 men with widely varying scales of pay 
and conditions of work. 

The task of moulding all these into one single organ- 
jsation with common standards of operation and 
administration and uniform scales of pay and conditions 
of service, and at the same time to rationalise routes 
and ground organisation, reduce costs and improve effi- 
ciency all round, was a backbreaking one. Unlike 
A-I.I., which had no serious problem of organisation, 

rsonnel or morale, I.A.C. was faced also with ihe 
difficult task of fitting eight separate managerial and 
supervisory staffs into one organisation. 

Considering the difficulties involved, the job was 
tackled with remarkable confidence and ability and 
pushed through with great determination. Now, seven 
years later, I.A.C. has been transformed into an homo- 
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genous and increasingly efficient organisation. Its 
route pattern has been rationalised so as to cut out un- 
productive flying, while Viscount aircraft have replaced 
Vikings and Skymasters on trunk routes. The manage- 
ment has been integrated and streamlined and opera- 
tional standards and passenger amenities progressively 
raised. 

Simultaneously, careful control has been exercised 
over costs and, as shown in Fig. 11, I.A.C. is today one 
of the world’s lowest cost operators in spite of successive 
and heavy increases in wages, a preponderance of obso- 
lete aircraft in its fleet, and a crushing burden of taxation 
on fuel which, in 1959-60, cost the Corporation no less 
than £800,000 (Rs. 106 lakhs). This, incidentally, is 
mainly responsible for the fact that I.A.C.’s fuel costs 
have ever since 1953 worked out to almost 35 per cent 
of its total operating expenses. This may be contrasted 
with the corresponding average of 17 per cent for the 
other airline members of ICAO. In fact, had fuel costs 
in India been no higher than the average ruling in the 
rest of the world, 1.A.C. would have shown a profit 
every year since 1953. 


I1.A.C’S SCHEDULED AIR SERVICES 
1960 
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Ficure 12. Air Routes of I.A.C. in 1960. 
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Notwithstanding this grievous burden and the excess 
of manpower from which it suffers in keeping with most 
industrial enterprises in India established in years gone 
by, I.A.C. has been able to reduce its operational ex- 
penses to an average of 31 pence (Rs. 1.75) per ton- 
mile. A remarkable achievement by any standards. 
As a result of these improvements and of a gratifying 
growth in traffic, as reflected in Appendix III, the Cor- 
poration has progressively reduced its operating losses 
annually until, in the year 1959-60, it made a small 
profit after providing for full depreciation and ob- 
solescence, but without providing for interest on capital. 

LA.C.’s fleet today consists of ten Viscounts—to 
which four are expected to be added shortly—five 
DC-4/Skymasters, fifty-eight DC-3/Dakotas and three 
Herons, with five Fokker “Friendships” due for de- 
livery next year. The Corporation’s future re-equip- 
ment problem is a difficult one, both because of the 
country’s foreign exchange crisis and of the fact that 
the Corporation must reconcile its natural desire to 
standardise as much as possible with the varying needs 
of the different types of routes and services it operates. 
Were it not for the severe shortage of foreign exchange, 
I.A.C. would, I believe, switch over in the near future 
to jet operations on its main trunk routes, the sector 
lengths of which happen to be ideally suited to the 
modern medium-sized jet. Over such distances, medium 
jets can operate as economically as_propeller-driven 
aircraft, while offering great advantages of speed and 
comfort to the travelling public. On its secondary 
routes with relatively low traffic potential and well 
equipped in the matter of runways and other ground 
facilities, I.A.C. will probably have to continue using 
propeller aeroplanes of at least two types or sizes for 
some years to come. A possibility at present under 
consideration is for I.A.C. to take over some of the 


Super-Constellations at present operated by Air-India. - 


Air-india International 


Indian Airlines Corporation 


Non-Scheduled Operations 

For reasons of space and time I have been com. 
pelled to restrict this story to scheduled operations only, 
As will be seen in Appendix VI, India, like other coun. 
tries, has substantial non-scheduled operations under. 
taken not only by I.A.C. and A-I.I. but also by five 
private operators. It will be seen that while they have 
remained fairly static in recent years, they did keep pace 
with the growth of scheduled services in the early years. 
The reason for this phenomenon lies in the fact that 
immediately after partition surface transport was heavily 
disrupted in the eastern part of India and an abnormal 
demand arose both in the matter of passengers and 
freight. 

It is to be remembered also that non-scheduled 
operations in India have had, and have today, a qualita- 
tive importance out of proportion to their quantitative 
magnitude. That is because of the social and strategic 
nature of these operations in the context of the partition 
of India, the Kashmir operations, refugee traffic, military 
operations in Kashmir and other frontier areas and 
inaccessibility of some of these areas. 


Aerodromes and other Ground Facilities 

A description of India’s present domestic air trans- 
port operations would not be complete without a brief 
reference to the network of ground and meteorological 
and radio facilities provided by the Central Government. 
While a more detailed picture is available in Appendix 
VII, the essential facts are that the Central Government 
today maintains 85 aerodromes, 140 navigation and 
approach aids and 81 aeronautical radio communication 
stations, providing more than 540 aero mobile and 
point-to-point channels. Although still on a relatively 
small scale in comparison with other countries, expen- 
diture on further development and expansion of ground 
facilities proposed to be spent during the next five year 
plan reaches the respectable figure of £18 
million (Rs. 24 crores). 


In Millions In Millions 
Passenger Ton-miles E53 Passenger Ton-miles 
Mail & Freight Ton-miles CO) SMa & Freight Ton-miles 
Non-Revenue Load Ton-miles Non-Revenue Load Ton-miles 
Unused Space Available Unused Space Available 
70 70 
60 -4 60 
50 4 50 = 
e— 
H H H_H 
20 
| | 


1953 1954 1955 195619571958 


(Scheduled services only). 


India’s Operations compared with 
World Air Transport 


I have up to now attempted to describe 
separately the progress and present status of the 
two Corporations. In view of the possibility 
that at some time in the future the two Corpora- 
tions may be merged into one and in order to 
present a picture of Indian air transport as a 
whole, a composite statement combining the 
vital statistics of the two Corporations is shown 
in Appendix V. A breakdown of the available 
ton-miles produced by both external and in- 
ternal scheduled services since nationalisation 
is offered in Fig. 13. 


Ficure 13. Volume and break-down of available ton- 
miles produced by Indian Air Transport: 1953-1959. 
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The main elements of the picture for 1959 may be 


Capital employed Rs. 446 million 


(£33.45 m.) 
Annual turnover Rs. 245 million 
approx. (£18.37 m.) 
Unduplicated route 
mileage 42.1 thousand 


A.T.M. produced 121 million 

Passenger-miles flown 583 million 

Mail and Cargo ton-miles 25 million 

Setting these figures in their international perspec- 
tive, the available ton-miles produced by Indian air 
transport in 1959 represented roughly 22 per cent of 
British operations (B.E.A. plus B.O.A.C.), 30 per cent 
of French (Air France), 37 per cent of the Dutch 
(K.L.M.), 101 per cent of the Swiss (Swissair), and 150 
per cent of the Japanese (J.A.L.). It may also be of 
interest to compare the rate of growth of Indian air 
transport with corresponding figures for the rest of the 
world. Fig. 15 attempts this comparison in graph 
form, first separately for domestic and external opera- 
tions and then jointly for both. These graphs, based 
on ICAO, show that in regard to rate of growth India 
has up to now compared on an average favourably 


with the rest of the world. 


Future Prospects 

What of the future? India’s international air 
transport operations are, as those of other countries, 
controlled largely by bi-lateral treaties. Their future 
growth, therefore, depends to a considerable extent on 
events and developments in the rest of the world as well 
as on India’s ability and willingness to provide the re- 
sources and particularly the foreign exchange required 
for fleet expansion. The shortage of foreign exchange 
is today the most serious likely obstacle in the way of 
expansion. Fortunately, A-I.I. is an earner of foreign 
exchange at present to the tune of about £2.13 million 
(Rs. 28.40 million) per year. Assuming that the foreign 
exchange difficulty will be overcome, I see no reason 
why Air-India’s future growth will not at least keep pace 
with that of the world industry as a whole. In fact, 
India may well exceed the average rate of growth 
of international air transport, for two reasons. First, 
having entered the field later than other countries, there 
is still considerable scope for enlarging Air-India’s route 
system. The Pacific is an obvious possibility. Secondly, 
India has, under a series of five-year plans, embarked 
on a long-range programme of forced expansion of its 
economy as a result of which it may be expected that 
its trade and commerce with other countries will grow 
more rapidly than on the average elsewhere. 

Furthermore, there is immense scope for the develop- 
ment of tourist traffic to India, which at present is 
limited to only about 100,000 visitors a year. Italy 
alone received 12 million foreign visitors in 1959. With 
increasing resources devoted to developing tourist traffic 
facilities in the country, a considerable expansion of air 
travel to and from India may be expected in the coming 
years. 
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Figure 15. Growth of Indian Airlines compared with growth 
of World* -Airlines: 1951-59. 
(As measured by passenger miles flown) 
1953=100 


*Exeludes The U.S.S.R. and The People’s Republic of China. 
tIncludes Services to Pakistan, Ceylon, Burma and Nepal: - 


In the case of domestic operations, the growth of 
traffic as represented by passenger-miles flown has risen 
annually at a rate five times as great as the national ip. 
come of the country. If it continues to do so, ang 
assuming that during the current decade the reqj 
national income of India grows at the rate of aboy 
4 per cent—by no means an unrealistic figure—the de. 
mand for domestic air transport would grow on ap 
average by about 20 per cent per year. Taking passenger. 
miles flown as an illustration, the figure of 329 million 
passenger-miles flown in 1959-60 might rise to nearly 
one thousand million by the middle sixties and to over 
two thousand million miles by 1970. Even if actuals 
do not reach these estimates, it can still be seen that 
with rising standards of living and an immense potential 
domestic market, with distances between major centres 
ideally suited to air travel and an enthusiastically air. 
minded population, future growth prospects are bright 
indeed. 


For A-LI., as for other international carriers, the 
supersonic age looms ahead. I am one of those who 
firmly believe that the prospect of crossing the Atlantic 
in one-and-a-half hours or of flying from England io 
Australia in half a day is so dazzling and would bring 


such immense benefits to mankind, that nothing should 
be done to discourage or deter such a phenomenal step 
forward. At the same time, it is fervently to be hoped 
that supersonic operations will not be forced upon the 


world of air transport for reasons of prestige or | 


political rivalry between power blocks before all the 
technical and economic problems have been solved. 
Some of these are of such magnitude and complexity 
that I doubt that regular operations at sustained super- 
sonic speeds will be possible until the end of the present 
decade. In any case, in my view, for whatever it is 
worth, supersonic aeroplanes can only supplement and 
never supersede subsonic aircraft. Because of the ex- 
treme altitudes at which they must operate, coupled 
with the limitations likely to be imposed by the noise 
and destructive impact on the ground of their own 
shock wave, supersonic aircraft will probably be use- 
fully and economically employable only on long non- 
stop flights, mostly over water. People will presumably 
still want to travel over medium and short distances for 
which subsonic aircraft will continue to be required. 


Furthermore, as in other forms of transport, the vast 
majority of travellers will want to travel as cheaply as 
possible rather than as fast as possible. The world’s 
airlines have up to now attempted to combine in a 
single vehicle the largely incompatible requirements of 
luxury, speed and economy. The advent of the super- 


sonic jets may well force the industry into a new pattern | 


in which separate types of aircraft best suited to each 
type of operation will be used. Whatever the ultimate 
pattern, the sooner realistic thinking is done on the next 
step, particularly in the direction of satisfying the vast 
untapped demand for cheap air travel, the sooner will 


‘the air transport industry reach its full stature and 


fulfil its historic mission. 
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Conclusion tion of this paper, I should like to express my grateful 
The twenty-eight year history of Indian air trans- thanks to Mr. M. Philip, Secretary, Ministry of Trans- 
rt has been an eventful one. To one who, like my- port and Communications, Government of India, for 

self, has taken some part in it since that first flight of a kindly allowing me inspection of Government files; to 

puss Moth from Karachi to Bombay in 1932 until today, Mr. K. M. Raha, Director-General of Civil Aviation, 
when India’s Boeings or Viscounts speed night and day and Mr. B. S. Gidwani, Deputy Director, Information 
across the world’s skies, it has brought both exhilaration Directorate, Office of the D.G.C.A., for the immense 
and anguish. But all that is past. Like a young man trouble they kindly took in exploring archives and sup- 
who has renounced the habits and ways of his chequered plying valuable information, statistics and background 
youth, Indian air transport has now settled down to a material; to Sir Frederick Tymms, for much useful data 
mature and sensible existence. Sound progress and and information based on intimate knowledge acquired 
ability have replaced the romance of pioneering and as Director-General of Civil Aviation in India for six- 
the excitement of battle. That is as it should be, for teen years; to Miss Florence Barwood, Royal Aero- 
air transport plays today, and will increasingly play nautical Society, for providing me with valuable sources 
in the future, a powerful and beneficial réle in the de- of material; to Mr. J. S. Parakh, Financial Comptroller, 
veloping economic life of India. Given the resources, Indian Airlines Corporation, for his informative notes, 
it now has the vitality and the experience to give a statistical material, and also for permitting me to repro- 
good account of itself and in the process to render great duce a post-card carried on the Worid’s First Air Mail. 
services to the nation. I owe a special debt of gratitude to Dr. F. A. Mehta 

of the Department of Economics and Statistics, Tata 

Industries, and to Miss N. Deshpande, who assisted him, 

Acknowledgments for the long hours of research, study and noting on 

For the assistance or advice given me in the prepara- which this lecture has been largely based. 
APPENDIX I 
GROWTH OF DOMESTIC AIR TRANSPORT: 1932-1946 
(SCHEDULED SERVICES) 
Unit 1932* 1933 a | 1934 1935 | 1936 | 1937 1938 | 1939 | 1940 1941 | 1942 | 1943 | 1944 1945 1946 

Miles flown (000s) 36 154 346 554 | 552 595 1,412 1,687 | 1,355 1,292 1,620 | 1,926 | 2,121 3,320 4,520 

Passengers carried 1 155 757 553 | 1,238 2,104 3,518 | 3,646 3,747 4,659 | 7,574 | 13,433 | 24,090 | 105,251 

Passenger miles ('000s) 0-7 53 243 210 311 970 1,329 | 1,749 2,438 3,394 | 5,140 | 9,346 | 16,716 | 61,066 

Mail carried (tons) 1-33 10-71 21-43 | 43-30 | 49-55 61-16 | 244-60 | 204-02 | 52-68 63-39 153-12 | 184-37 | 165-62 | 214-75 | 458-04 

Freight carried | (tons) | 0-02 | 0-45 | 9-82 | 3-12 | 0-45 | 1-99 | 18-09| 40-62! 12-95 | 16-52 | 72-77 | 287-05 | 519-64 | 380-36 | 588-39 

Freight ton-miles | (000s) | na. | na. 2 1 | 0-4 1 8 16 9 12 86| 225 | 362{ 253] 390 

A.T.M. produced | (’000s) na. n.a. na. n.a. na. na. n.a. n.a. n.a. na. | 757 | 1,185 | 1,754 2,709 na. 

* 15th October 1932 to 31st December 1932. n.a. Not available. 
APPENDIX II 
GROWTH OF DOMESTIC AIR TRANSPORT: 1947-1952 
(SCHEDULED SERVICES) 

| Unit 1947 | 1948 1949 1950 | 1951 | 1952 
Hours flown ... .. | (000s) 59-3. | 77-2 | 88-6 109-0 | 107-6 108-5 
Miles flown... | ('000s) 9,362 12,238 13,822 | 16,858 | 16,757 16,622 
Passengers carried (7000s) 255 339 349 441 | 429 413 
Passenger miles (000s) 138,827 164,141 155,766 184,929 190,717 | 174,607 
Mail carried ... (tons) 627 671 2,147 3,590 3,020 | 3,525 
Freight carried (tons) 2,521 5,308 9,855 | 35,416 38,586 37,888 
Freight ton-miles (000s) 1,506 2,652 4,017 9,833 | 11,412 11,066 
Unduplicated route mileage* ('000s) 11-8 13-5 14-0 15-9 18-6 17-5 
A.T.M. produced (000s) 18,597 24,390 29,870 41,348 43,300 42,376 


* End of year. 
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APPENDIX III - 
= PROGRESS OF INDIAN AIRLINES CORPORATION: 1953/54 1959/60 JANUARY 1961 
(SCHEDULED AND NoN-SCHEDULED SERVICES) — 
Unit 1953-54* 1954-55 1955-56 1956-57 1957-58 1958-59 | 1959.69 
Revenue hours flown 113,914 114,808 121,839 124,152 116,545 119,280 | 116,975 
Revenue miles flown on (Mn.) 17-994 17-953 18-986 19-202 18-319 19-535 19-402 
A.T.M. produced ... bed (Mn.) 45-840 46-443 51-582 55-111 56-988 64-075 67-870 
R.T.M. performed ane (Mn.) 31-221 32-390 36-397 37-921 39-993 45-263 47-998 
Available seat milest aa aie aaa wns ee (Mn.) na. n.a. na. 364 391 477 506 Revenu 
Unduplicated route mileaget n.a. na. 14,600 14,212 14,209 14,881 15,261 Revenu 
Revenue passengers carried ase eee ao sien 430,683 477,583 $00,363 571,106 599,573 653,494 703,013 A.T.M. 
Revenue passenger miles (Mn.) 189 210 240 270 310 329 R.T.M 
Revenue passenger ton-miles — — ‘ah on (Mn.) n.a. | 16-368 18-316 20-787 23-439 26-992 29-823 Undup 
Revenue mail carried in sa ve we os (Tons) 3,843 4,659 4,997 5,221 5,166 5,465 5,856 Revent 
Revenue mail ton-miles_... (Mn.) na. 2-772 2-994 3-196 3-274 3-470 | 3-680 Revent 
Revenue freight carried... (Tons) 52,833 | 50,256 53,856 50,194 44,208 49,977 | 46,041 Revent 
Revenue freight ton-miles ... (Mn.) na. | 13-250 15-087 13-938 13-280 14-801 14-495 Reven' 
Operating revenue ... ona (Mn. Rs.) 65-147 69-247 80-860 86-135 92-607 108-249 119-498 Reven' 
Operating expenses ame (Mn. Rs.) 77-069 78-262 92-800 97-014 102-914 117-367 118-717 Reven! 
Operating profits... (Mn. Rs.) —11-922 —9-015 —11-940 —10-879 —10-307 —9-118 + 0-781 Reven 
Operating revenue per A.T.M. ... a aan ree (Rs.) 1-42 1-49 1-57 1-56 1-63 1-69 1-76 Opera 
Operating costs per A.T.M. Tl he ies oe (Rs.) 1-69 1-69 | 1-80 1-76 1-81 1-83 1-75 Opera 
Number of employeest na. na. | 9,324 | 9,254 | 9,448 9,463 9,553 Opera 
A.T.M. per employee | na. na. $,$32 6,022 6,094 6,771 7,105 Opera 
Break-even load factor... (%) | 85-0 82-0 83-7 80-7 81-0 78-3 | 70:7 } Opera 
Overall load factor... (%) 68-1 69-7 | 10-6 68-8 | 70-2 70-6 | 72:1 Numt 
Total capitalemployedt ... | (Mn. Rs.) 48:5 | 65:8 | 104-6 136-3 | 186-3. | 192-9 | 172:8 A.T.N 
| 
NOTE: Years ended March. * Eight months figures converted to 12 months. +Scheduled services. tEnd of year. n.a. Not available a 
APPENDIX IV it 
PROGRESS OF AIR-INDIA INTERNATIONAL: 1948 — 1959/60 5 
(SCHEDULED AND NON-SCHEDULED SERVICES) 
Unit 1948* 1949 1950 1951 1952 | 1953-54t eed 1955-56 |1956-57 | 1957-58 | 1958-59 | 1959-60 
| | 
Revenue hours flown ion ‘a noe 1,773 | 5,422 | 8,060 | 10,352 | 10,520 15,249 | 14,413 | 19,696 | 23,808 | 26,306 | 27,924 | 28,842 
Revenue miles flown (Mn.) 0-411 | 1-263 | 1-979 | 2-595 | 2-697 | 3-731 | 3-573 | 4-909 | 5-973 | 6-719 7-110 | 7-435 
A.T.M. produced ... ose ase “ee (Mn.) 1-930 | 6-668 | 10-903 14-103 | 14-358 | 20-670 | 23-684 | 35-242 | 43-567 | 50-657 56-010 | 59-518 
R.T.M. performed wes por pate (Mn.) 1-532 | 4-625 | 6-508 | 9-148 | 9-094 12-682 | 13-950 | 19-635 | 27-927 | 29-988 | 31-782 | 34-618 b 
Available seat miles (Mn.) 16-136 | 47-377 | 64-569 101-529 (104-167 |166-978 |186-922 '275-910 |328-379 394-629 |434-831 [452-117 
Unduplicated route mileaget si are 5,158 5,158 | 9,613 9,633 | 10,328 | 10,364 | 14,991 | 17,845 | 21,252 | 21,617 | 24,710 | 24,671 
Revenue passengers carried as nea (No.) 2,690 | 7,980 | 12,267 | 19,756 | 21,499 | 34,148 | 40,287 | 56,445 | 79,825 | 88,312 | 83,868 | 89,385 
Revenue passenger miles ... (Mn.) 11-9 34-9 48-5 67-5 83-9 115-7 158-1 224-5 247-2 | 252-8 | 258-6 
Revenue passenger ton-miles** ... (Mn.) 1-146 | 3-224| 4-244 | 5-846/| 5-859 | 8-629 | 9-973 | 13-927 | 19-491 | 21-247 22-169 | 22-660 
Revenue freight carried... (Tons) 38-4 | 189:7 | 300-9 | 549-6| 521-9 | 978-1 878-1 | 1021-4 ; 1453-6 | 1474-1 | 1854-0 | 2757-1 
Revenue freight ton-miles** (Mn.) 0-175 | 0-861 | 1-272] 1-996} 1-723 | 2-782 | 2-503 3-841 | 5-584 5-644| 6-547| 8-716 
Revenue mail carried (Tons) 36-2 98-7 | 139-7 | 185-7 | 215-2 | 268-7] 297-8 | 435-3 | 604-5 | 658-5 | 801-3] 862-1 
Revenue mail ton-miles** ... (Mn.) 0-173 | 0-449 | 0-628 | 0-871 | 1-010 | 1-228 | 1-316! 1-777 2-520| 2-690} 2-$30| 2-952 
Operating revenues ont po ... | (Mn. Rs.) $-2 14-7 20-8 27-9 28-8 41-4 48-4 67-7 96-5 108-3 115-6 125-8 
Operating expenses | (Mn. Rs.) 5-6 14-7 20-0 25-8 29-2 40-6 46-0 66-6 87-1 | 100-5 | 113-9] 124-0 
Operating profits... | (Mn. Rs.) | —0-4 +0°8 +2:1) —0-4 +0°8 41:1 +9°4 +7°8 +1°8 
Operating revenue per A.T.M. ... ‘ai (Rs.) 2-69 2-20 1-91 1-98 2-01 2-00 2-04 1-92 2°21 2-14 2-06 2-11 
Operating cost per A.T.M. ia eas (Rs.) 2:90 2-20 1-83 1-83 2-03 1-96 1-94 1-89 2-00 1-98 2-03 2-08 
Average number of employees... ... 164 496 tt +t tt | 2,102} 3,121 | 3,661 | 4,070 | 4,442 | 4,596 
A.T.M. per employee a oe ats 11,768 | 13,444 tt tt tt $$ | 11,266 | 11,292 | 11,900 | 12,446 | 12,609 | 12,950 
Break-even load factor... rn aie (%) 83-8 68-5 56-1 58-5 61-7 60-3 56-1 53-3 59-1 55-7 56-0 57-3 
Overall load factor ... ane poe oss (%) 77-4 68-5 58-4 63-3 60-9 61-1 59-0 55-8 64-3 59-1 56-8 58-2 
Total capital employed... | (Mn. Rs.) 20-0 28-0 27-2 28-8 31-3 53-9 | 102-4) 109-5 | 147-4] 167-2 181-9} 272-8 


NOTE: Calendar years up to 1952; thereafter years ended March. * June to December only. t January 1953 to March 1954. ¢ End of year. 
tt Separate figures for these years are not available, as A.-I.I. during this period u some staff in common with Air India Ltd. ** Scheduled services. 
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APPENDIX V 
PROGRESS OF INDIAN AIR TRANSPORT 
DOMESTIC AND INTERNATIONAL: 1948 — 1959 
(SCHEDULED SERVICES)* 
—. Unit | 1948 1949 | 1950 1951 1952 1953 | 1954 | 1955 | 1956 | 1957 | 1958 1959 
| | 
| | | 

Revenue hours flown 78,961 | 93,944 | 117,422 | 118,684 | 119,490 | 114,796 | 117,402 | 125,655 136,813 | 134,453 | 135,046 | 131,397 
Revenue miles flown (Mn.) 12-649 | 15-098 | 18-896 | 19-498 | 19-562 | 19-202 | 19-798 | 21-267 23-483 | 23-496 | 24-578 | 24-742 
A.T.M. produced (Mn.) 26-320 | 36-538 | 53-252 | 57-403 | 56-734 | 56-551 | 62-644 | 74-869 92-805 | 99-901 [ttt -ees 120-936 
R.T.M. performed (Mn.) 19-296 | 23-249 | 34-414 | 39-015 | 37-457 | 37-240 | 41-183 | 49-204 | 60-595 | 66-039 | 71-924 | 76-613 
Unduplicated route mileaget ('000s) 18-7 19-2 | 28-2 27°8 27-0 29-3 31-8 | 37-1 33-8 41-7 42-1 
Revenue passengers carried ('000s) 341 | 357 | 453 | 449 | 434 404 432 469 | 559 | 615 | 696 736 
Revenue passenger-miles (Mn.) |176-366 |190-619 233-426 1257-243 242-056 |239-760 |273-660 |320-020 1422-009 485 -662 537-061 583-316 
Revenue passenger ton-miles (Mn.) 15-812 | 16-986 | 20-706 | 22-841 | 21-459 | 21-076 | 23-884 | 28-076 37-001 | 42-373 | 46-959 | 51-127 
Revenue freight carried (Tons) 5,346 | 10,045 35,717 | 39,136 | 38,410 | 37,866 | 38,578 | 43,839 42,960 | 38,255 | 41,804 | 32,981 
Revenue freight ton-miles flown ... (Mn.) 2-827 | 4-466 | 11-105 13-408 | 12-789 | 12-886 | 13-392 | 16-630 18-154 17-701 | 18-693 | 18-728 
Revenue mail carried (Tons) 707 2,246 | 3,730 | 3,206 | 3,740 3,949 4,765 | 5,124 5,663 | 5,840 | 6,075 6,712 
Revenue mail ton-miles (’000s) 0-657 | 1-797 : 2-603 | 2-766 | 3-209 | 3-279 | 3-906 | 4-497 | 5-440 | 5-964 | 6:272| 6-758 
Operating revenuet (Mn. Rs.) 51-8 63-2! 81-7 | 91-5 | | 117-6 | 148-5 | 182-6 | 200-6| 223-8] 245-3 
Operating expensest | (Mn. Rs.) | | am | om | om na. 124-3 159-4 | 184-1 | 203-3 | 231-3 | 242-7 
Operating profitst ... (Mn. Rs.) | 7a. n.a. na. na. | na. | n.a —6:7 | —10:9 | —1:5| —2-7| —7-5| +42-°6 
Operating revenue per A.T.M.t ... (Rs.) 1-97 1-73 | 1-58 1-59 1:54 n.a. 1-68 | 1-71 | 1-85 | 1-86 1-86 1-93 
Operating cost per A.T.M.tf (Rs.) na. n.a. na. na. | na. 1-77 1-84 1-87 1-89 1-93 1-91 
Number of employees n.a. na. a. | na. n.a. na. n.a. | 12,445 | 12,915 13,518 | 13,905 | 14,149 
A.T.M. per employee na. na. | na | na. na. n.a. n.a. | 6,016 | 7,186 | 7,399 8,047 8,547 
Overall load factor (%) 73-3 63-6| 65-8 | 68-0 66-0 65-9 68-6 | 65-7 | 65:3 | 66-1 64-3 63-3 
Total capital employedt | (Mn. Rs.) na. | na. | | n.a. n.a. 168-2 214:1 | 283-7 | 353-5 374-8 445-6 


* As shown in Appendix VI, the role of non-scheduled operations is considerable, but their data are too incomplete for purposes of incorporation in this Appendix. 
t Figures from 1954 onwards are for fiscal years ending March; 1954 read as 1954-55 etc. 


+ End of year. 


APPENDIX VI 


GROWTH OF NON-SCHEDULED OPERATIONS: 1948-1959* 


Miles | Hours Number of Freight A.T.M. Revenue 

| flown flown passengers carried — | produced earned 
Year 000s No. | No. Mn. lb. | 000s Mn. Rs. 

| 
1948 4,484 (35-5) 30,749 (38-9) — _— 16-5 (32-0) 
1949 4,101 21,126 12,490** 4-8** — 10-9 
1950 6,837 44,566 66,000 108-1 — 20-8 
1951 6,008 (40-8) 41,815 (35-2)| 65,885 (14-7)| 131-6 (150-1) | _— 20-0 (22-1) 
1952 5,819 36,203 | 88,829 126-5 | _— | 16-9 
1953 5,223 31,855 | 94,976 88-8 | 14,279 |} 13-5 
1954 5,353 (27-0) 32,155 (27-4)| 137,537 (31-8)| 97-8 (111-3) | 15,935 (25-5)| 16-1 (15-9) 
1955 5,132 30,945 108,445 84-2 17,069 | 18-7 
1956 5,732 (24-4) 34,005 (24-9)| 114,380 (20-5)| 97-1 (100-8) 17,271 (18-6)| 20-4 (12-7) 
1957 5,458 32,832 126,459 88-7 |} 20-8 
1958 4,986 (20-3) 30,457 (22-6)| 99,549 (14-3)| 84-4 (90-1) | 14,946 (13-4) 18-0 (9-0) 
1959 5,577 33,931 88,840 81-1 | 16,391 21-4 


* Figures within brackets represent the percentage of total non-scheduled to total scheduled operations. 
** Figures for October to December 1949 only. 


APPENDIX VII 


PROVISION AND EXPENDITURE UNDER FIVE-YEAR PLANS 
ON GROUND ORGANISATION AND FACILITIES FOR AIR TRANSPORT IN INDIA 


Expenditure during the Expenditure during the Provision for the 
First Plan Second Plan Third Plan 
000£ | Mn. Rs. Mn. Rs. *000£ | Mn. Rs. 
i. Works at Aerodromes ... 4,591 | 61-213 10,019 133-587 13,500 180-0 
2. Telecommunication Equipment 512 | 6-829 1,944 25-918 3,750 50-0 
3. Air Routes & Aerodrome Equipment 215 2-872 479 6-39 750 10-0 
| 
Total | 5,318 70-914 12,442 165-895 18,000 240-0 
| | 


n.a. = Not available 
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Dr. Moult: Mr. Tata had given a very complete picture 
of the development of civil air transport in India. Despite 
the early political difficulties which had punctuated its 
existence through years, it was plain for all to see that firm 
foundations were laid and from this beginning steady 
progress had been made. Not only had India made progress 
but its rate of progress relatively had more than equalled 
the average for the rest of the world and that was a great 
achievement, He would like to say that Mr. Tata and his 
colleagues had brought this about by their persistence and 
their vision and it had been a great privilege to hear from 
him an authentic story. It would be a record for all time 
of what, collectively, had been a splendid piece of work. 

They were most grateful to Mr. Tata for this lecture 
and for the personal charm and the humour with which it 
had been delivered. 

He would now ask Professor Baxter to propose a formal 
vote of thanks. 


Professor A. D. Baxter: When the President made his 
introductory remarks he was reminded of the Council's 


- but it had been more than a story, it had been history; 


desire to emphasise the importance that they attached to 
this Commonwealth Lecture. Undoubtedly the present 
lecturer had maintained its prestige and he felt that an 
additional vote of thanks to the Lectures Committee for 
their persistence in assuring that Mr. Tata gave it would not 
be out of place. 

He thought the Commonwealth Lecture was instituted 
by the Society to enable them to learn something of and to 


keep in touch with the aeronautical achievements and 


activities which had been, and still were being, pioneered 
outside their own shores but within the confines of those 
nations who were partners in the Commonwealth. This 
was a very happy idea and as a result they had had some 
very attractive lectures and had learned something about 
aviation in Africa, in Australia, New Zealand and in 
Canada, but he thought this was the first time that they 
had had a lecture entirely devoted to aviation in India. 

It had been a story of air transport, a story well told, 


probably the Society’s Historical Group, so recently 
inaugurated, would not be long before it wanted to claim 
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this lecture as, should he say, an eastern gem, in the 
collection it was making. 

They were all interested not only in the history of 
aviation but in the men who had been making that history, 
and as the President had said, they had in Mr. Tata one 
who must be regarded as a founder of Indian aviation. He 
had been extremely modest about his own part in it but 
nothing illustrated it better than his brief reference in the 
written lecture to his two flights, one to this country in 1930 
which took eight days and five hours to complete and the 
other exactly thirty years later when he flew back to India 
in one of his Corporation’s aircraft in precisely eight hours 
and five minutes. Both were great milestones in the 
progress of Indian aviation. 

He thought also that Mr. Tata showed great restraint in 
his mentions of the trials and tribulations consequent on 
Government decisions or indecisions and he could assure 
him that such difficulties were not unknown in this country; 
in fact, there might well be some in the audience who could 
appreciate from their own experience the same sort of 
problems and frustrations, although he doubted whether 
they would all have the same restraint that Mr. Tata had 
exercised. He could only hope that those over here with 
the same problems would eventually be as successful in 
achieving their objectives as Mr. Tata seemed to have been. 
The success had been only partly revealed by the lecturer 
that night and the paper itself should be studied carefully; 
it was full of facts which helped to indicate something of 
the extensive progress in India. 

He had been interested in Mr. Tata’s views of the 
future. It was encouraging to hear him say that there was 
such scope in India for the extension of air traffic and he 
wondered if that implied that there was also scope for the 
civil aircraft industry? Possibly they in this country might 
be able to assist and participate at some time. It was 
interesting, too, to hear Mr. Tata’s remarks on the super- 
sonic transport, and that he thought the time would come 
when they would travel across the Atlantic in an hour and 
ahalf. This was not the time to discuss whether it should 
be an hour and a half or three hours but it was encouraging 
to find that an operator did believe in supersonic transport. 

Mr. Tata had in his lecture given generous acknow- 
ledgment of British aid in the pioneering days of 
India’s aviation and now they ought equally to give 
acknowledgment of the valuable return that he had given 
by his lecture. It had been carefuily prepared and delivered 
in a humorous and interesting style; it was packed fuil of 
useful data and it had been a very great Commonwealth 
story. 

On behalf of all his fellow members of the Royal 
Aeronautical Society, he proposed a vote of thanks to 
Mr. Tata for delivering this Sixteenth British Common- 
wealth Lecture. 


Following the Lecture a Dinner was held at 4 Hamilton 
Place, London, W.1, at which the following were present :— 

Captain L. R. Ambrose, Regional Director, U.K. and 
Europe, Qantas Empire Airways. 

Dr. A. M. Ballantyne, T.D., B.Sc., Ph.D.. F.R.Ae.S., 
Hon.F.C.A.I., F.1.A.S., Secretary, Royal Aeronautical Society; 
Air Commodore F. R. Banks, C.B., O.B.E., F.R.Ae.S., 
M.I.Mech.E., Hon.F.1.A.S., Managing Director, Blackburn 
Engines, Vice-President Royal Aeronautical Society; A. Barra- 
clough, Barrister-at-Law, Air Transport Course Lecturer; A. D. 
Baxter, M.E., F.R.Ae.S., M.I.Mech.E., Director, de Havilland 


Engine Co, Ltd. (Rockets & Nuclear Power), Member of Coun- 
cil, Royal Aeronautical Society; Professor J. A. J. Bennett, 
D.Sc., Ph.D., F.R.Ae.S., Head of the Department of Aero- 
dynamics, College of Aeronautics, Cranfield, Member of 
Council, Royal Aeronautical Society; E. C. Bowyer, C.B.E., 
Honorary Companion, Director & Chief Executive, Society of 
British Aircraft Constructors; Major G. P. Bulman, C.B.E., 
a Honorary Treasurer of the Royal Aeronautical 
ociety, 

Dr. W. Cawood, C.B., O.B.E., M.Sc., Ph.D., F.R.Ae.S., Chief 
Scientist, War Office, Member of Council, Royal Aeronautical 
Society; Professor A. R. Collar, M.A., D.Sc., F.R.Ae.S., F.I.A.S., 
Department of Aeronautical Engineering, Bristol University, 
Vice-President, Royal Aeronautical Society; Sir George Crib- 
bett, K.B.E., C.M.G., 1950 British Commonwealth Lecturer. 

M. A. S. Dalal, Regional Manager, Air-India_ Inter- 
national. 

Sir George Edwards, C.B.E., B.Sc., Hon.F.R.Ae.S., Manag- 
ing Director, British Aircraft Corporation, Past President, Royal 
Aeronautical Society. 

Air Chief Marshal Sir Francis Fogarty, G.B.E., K.C.B., 
D.F.C., A.F.C., Chairman of the Air League of the British 
Empire; L. G. Frise, B.Sc., F.R.Ae.S., A.F.I.A.S., Director 
Special Projects, Blackburn Aircraft, Member of Council, Royal 
Aeronautical Society. 

Sir George Gardner, K.B.E., C.B., F.R.Ae.S., Controller of 
Aircraft, Ministry of Aviation, Member of Council, Royal 
Aeronautical Society; H. H. Gardner, B.Sc., F.R.Ae.S., 
Technical Director, Vickers-Armstrongs (Aircraft) Ltd., Mem- 
ber of Council, Royal Aeronautical Society; Captain K. R. 
Gazder, Divisional Operations Manager (Western Division), 
Air-India International Corporation. 

Sir Arnold Hall, M.A., F.R.S., F.R.Ae.S., Managing Direc- 
tor, Bristol Siddeley Engines Ltd., Director, Hawker Siddeley 
Group, Past President, Royal Aeronautical Society; Sir Freder- 
ick Handley Page, C.B.E.. Hon.F.R.Ae.S., President of the 
Society 1945-1947; R. E. Hardingham, C.M.G., O.B.E., 
F.R.Ae.S., 1952 British Commonwealth Lecturer; Dr. G. S. 
Hislop, B.Sc., Ph.D., F.R.Ae.S, A.R.C.S.T., Special Director & 
Chief Engineer, Fairey Division of Westland Ltd., Member of 
Council, Royal Aeronautical Society. 

Sir Frederick James, O.B.E., Managing Director, Tata 
Ltd., London; Air Marshal Sir Owen Jones, K.B.E., C.B., 
A.F.C., B.A., D.LC., F.R.Ae.S., R.A.F. Retired, Consultant to 
the Air Ministry, President-Elect of the Royal Aeronautical 
Society 

Shaharyar M. Khan, Third Secretary to the High Com- 
missioner for Pakistan. 

Sir Hamish D. Maclaren, K.B.E., C.B., D.F.C., President of 
the Institution of Electrical Engineers; H. Marking, M.C., 
M.Inst.T., Secretary, British European Airways; P. G. 
Masefield, F.R.Ae.S., M.Inst.T.. Hon.F.I.A.S., Immediate Past 
President of the Royal Aeronautical Society, Managing Direc- 
tor, British Executive & General Aviation Ltd.; M. B. Morgan, 
C.B., M.A., F.R.Ae.S., Deputy Controller of Aircraft Research 
& Development, Ministry of Aviation, Member of Council, 
Royal Aeronautical Society; Dr. E. S. Moult, C.B.E., B.Sc., 
F.R.Ae.S., M.I.Mech.E., Technical Director, de Havilland 
Engine Co. Ltd., President of the Royal Aeronautical Society. 

J. R. D. Tata, British Commonwealth Lecturer, 1960; 
W. Tye, O.B.E., B.Sc., F.R.Ae.S., Chief Technical Officer, Air 
Registration Board, Member of Council, Royal Aeronautical 
Society; Sir Frederick Tymms, K.C.I.E., M.C., F.R.Ae.S., 
Immediate Past Master of the Guild of Air Pilots and Air 
Navigators. 

S. Wheatcroft, Economic Adviser to British European 
Airways, Air Transport Course Lecturer; K. G. Wilkinson, 
Manager, Fleet Planning Branch, British European Airways, 
Air Transport Course Lecturer; P. . Wills, C.B.E., 
A.F.R.Ae.S.. Chairman. British Gliding Association; L. A. 
Wingfield, M.C., D.F.C., A.R.Ae.S., Solicitor to the Royal 
Aeronautical Society. 
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Cylindrical Bending of a Heated Long 
Rectangular Plate’ 


BURTON A. LIEB, M.I.A.S. 


(Formerly Assistant Research Engineer, Department of Engineering, University of California at Los Angeles, now 
Technical Staff, Aerospace Engineering Division, Hughes Aircraft Company) 


1. Introduction 


The design of structures for operation at increasingly 
higher temperatures and under exposure to severe heat- 
ing requires more detailed and more exact analysis to 
determine the most severe conditions under which a 
given structure is operationally effective. To meet this 
need, the following analysis has been devised, with the 
determination of stresses and deflections in plates due to 
non-uniform heating as its purpose. The analysis results 
also in the determination of the maximum loads which 
may be imposed on the supporting members by the 
plate due to its thermal deformations. 

The present analysis provides a solution in which 
not only transverse temperature gradients are accounted 
for but also temperature gradients in one direction 
parallel to the plane of the plate. The bending of the 
plate is similarly restricted. This limits the applicability 
of the analysis to long rectangular plates in which the 
temperature gradient and bending are in a direction 
perpendicular to the long edges of the plate. 

The solution for deflection is given in terms of 
sectional forces and moments as are the solutions for 
the stresses. The use of sectional forces and moments is 
convenient in expressing gross plate behaviour and 
simplifies the evaluation of plate loads on the supporting 
members (middle surface loads). 

The problem of buckling in longitudinal waves is 
outside the scope of this paper although it may be of 
prime importance in particular situations. In the pre- 
sence of a thermal moment, the problem is similar to 
that of axial compression of curved panels which is 
treated in Ref. 1. 


NOTATION 
a_ plate length in the x-direction (in.) 
b plate thickness (in.) 
c deflection constants determined by boundary 
conditions (in.) 


D plate flexural rigidity = Eb* /12 (1 —’) 
(in. Ib.) 

E modulus of elasticity (Ib. /in.*) 

k, rotational stiffness per unit length of 
boundary (Ib.) 

k, translational stiffness per unit length of 


boundary (Ib. /in.*) 


*The paper is based on an M.S. thesis, filed at the University of 
California at Los Angeles in May 1957. The work was spon- 
sored in part by the Aircraft Laboratory, Wright Air Develop- 
ment Center, under Contract No. AF33(616)-293, Project No. 
1350. Acknowledgment is due to J. E. Mahlmeister for early 
direction of this work. 
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length of deformed middle surface in the 
x-direction (in.) 

moment per unit width of plate (Ib.) 
thermal moment per unit width of plate (Ib) 
integer (dimensionless) 

force per unit width of plate (Ib./in.) 
thermal force per unit width of plate (Ib. /in) 
a constant (in.~*) 

temperature change (°F) 

transverse displacement (in.) 

coefficient of linear thermal expansion (°F-') 
strain (dimensionless) 

load function defined by equation (2) (in.-) 
Poisson’s ratio (dimensionless) 

stress (Ib. /in.*) 

system parameter defined by equation (27) 
(dimensionless) 


Suffixes and Indexes 


cr critical (associated with Euler critical load) 
h_ after heating 


rant 


tef reference 

x,y in the x-, y- directions, respectively 

xy applied to an element normal to the 
x-direction, acting in the y-direction 

— average 

+ dimensionless 


2. Deflection Solution 

The type of structure under consideration is 
illustrated in Fig. 1. The spanwise supporting members 
(stringers or spars) may be displaced elastically in the 
chordwise direction although no transverse movement 
of these is allowed. In regard to torsional rigidity, 
solutions are indicated which allow the stringers to 
rotate freely, elastically, or not at all. 

The real system is idealised as shown in Fig. 2. The 
stringers and all the structure external to the area of 
interest are replaced by a constraint which can translate 
in the x-direction against elastic forces and can also 
rotate either freely or elastically but which cannot leave 
its original xy-plane. The influence of the surrounding 
structure, therefore, is controlled by adjustments of the 
elastic constants k,, for translation and k,, for rotation. 
The plate is assumed to be flat before heating, and 
bending occurs only in the chordwise direction so that 
the plate deflection is a function of x only. Temperature 
is allowed to vary through the thickness of the plate and 
also in the chordwise direction so that it is a function of 
x and z but not of y. Under these restrictions the prob- 
lem bears some resemblance to that of an initially 
curved strut under axial load. In the present case, 
however, the curvature and axial load are functions of 
the temperature distribution and generally are not 
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(CHORD) 
FiGurE 1. Typical sheet-stringer panel. 


The equation governing the transverse deflection w 


of the plate with flexural rigidity D is 


1 


d‘w _ ¢ 
de t+ de D dx (1) 
where 

N, 

The thermal moment, M,, is defined by 
b/2 


and N, is the resultant of the compressive stress o, Over 
the plate thickness b. The solution to equation (1) can 


be written 
1 
w=- xp sin Ax) —c, sin Ax —c, cos Ax + = X+C, 
(4) 
where c, --- C, are constants of integration which 


depend upon the boundary conditions. 


The function F is a convolution defined by 
x 


F (Mz, sin Ax)= M; (é) sin A (x—8) dé. 


There are three cases of interest which will be 


considered. These are freely hinged edges, clamped 
edges, and elastically hinged edges. 


2.1. DEFLECTION SOLUTION FOR FREELY HINGED EDGES 


For the case of two opposite edges freely hinged the 


boundary conditions are 


and equation (4) becomes 


in Ax 
wae | F (Ms, sin Ax) — 


sin Ady 


F (M;, sin Aas) | 


where the second convolution is evaluated for x=a,. 

The magnitude of the deflection depends on the 
distribution of the thermal moment My, and on the 
middle surface force N, which is in A and must be 
determined from a consideration of the stretching or 
compression of the middle surface of the plate. This 
will be shown later. The distribution of the thermal 
moment is seldom a simple function of the co-ordinates. 
Indeed, for most practical purposes, a numerical method 
of evaluation of the deflection must be used. A few 
thermal moment distributions yielding relatively simple 
analytic deflection expressions are noted here for 
reference. All of these refer to the solution for freely 
hinged edges. 

If the thermal moment distribution is expressed as a 
sine function, one may write 

MEX 
M,;=M,, sin — . (8) 
an 

Substituting this in equation (7), the deflection can be 
shown to be expressed as 


— sin (mtx/ ay) 
D (nt/ay)? 


Here the amplitude of the deflection is a function of A 
which in turn depends on N,. It will be shown later that 
a limiting value of the middle surface load N, can be 
determined from the restriction that the transverse 
deflection of the plate must remain finite. 

Another relatively simple deflection solution is 
obtained if the thermal moment distribution can be 
represented as a cosine function of the co-ordinate x. If 
the thermal moment is given by 

NTX 


(9) 


M,=M,, cos (10) 
h 
then the deflection expression can be reduced to 
w= 
M,,/D cos Aa, —(-1)" . 
(nz [ cos cos Ax+ sin x | 
(11) 


Representing the thermal moment distribution by an 
exponential function 


M,=0 at x=0,a 5 
w=0 at x=0.a (5) M,=M,, (12) 
From the first of these, the 
plate curvature at the boundary SPRINGS EQUIVALENT TO ROTATIONAL 
may be written AND TRANSLATIONAL CHARACTERISTICS 
OF SURROUNDING STRUCTURE 
dw _ _ My 6 
dx? = D ( ) 
a - 
Nx Nx 
Ficure 2. Idealised system. ke 777 kr ‘ ky ky 
z 
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the deflection of the freely hinged plate becomes 


_ My/DT .. 
w= peta? LA sin Ax + cos Ax — 
_ sin Ax ( 

sin Aa, \ A 
If p is set equal to zero in equation (13), the deflection 
of a freely hinged plate subjected to a uniform thermal 
moment M,, is given. This is 
M to/ D 


sin Aa, + cos Aa, | 


cos (eos da,—1) | (14) 
h 


sal in Aa 


2.2. DEFLECTION SOLUTION FOR CLAMPED EDGES 

For a plate with clamped edges x=0 and x=a,, the 
boundary conditions are 
(15) 


wa at . 


dx 


Applying these conditions to equation (4), the deflection 
becomes 


w= = pF (Mn. sin Ax) —c, (sin Ax —Ax)—c, (cos Ax — 1) 


(16) 
where 
sin Aa, F (Mz, sin Ady) — F (Mz, cos Ady) tan (Aa, /2) 
AD 2 (cos Aa, — 1)+ Aad, sin Aa, (17) 
[ 1 
sin Aa, LAD F (Mz, cos Aad) + C, (COS Ady — n| 


2.3. DEFLECTION SOLUTION FOR ELASTICALLY HINGED 
EDGES 
The condition of elastically hinged edges is met if 
the rotation of the edges of the plate is opposed by a 
moment which is proportional to the angle through 
which the edges have rotated. If this angle is small, the 
reacting moment may be taken proportional to the slope 
of the plate at its edge. Applying this to the edges x=0, 
a, moment equilibrium at the boundary requires 
dw 
D ae t k, 
where k, is the torsional rigidity of the boundary. Again 
applying the condition of zero deflection at the boundary 
together with equation (18), the deflection becomes 


=-M; (18) 


F (Mz, sin Ax)—c, (sin Ax—Ax)— 


(cos Ax- (19) 


Ficure 3. Heated plate in 


Nx deformed position. 
where 
Nay — sin Aa, -1)| 


F (M,, sinAa,) (cosa, + ) —F (My, cos Aa,) (sin da, 


D [ (cos Aa, — 1) + ay + )sin ray | 


Although the elastically hinged boundary case 
conforms more closely to most real structures than the 
two preceding cases, it is possible to use the freely 
hinged edge solution to determine an upper limit on the 
deflection of a plate and the analysis of the clamped 
plate can be used to determine an upper limit for mi 
stresses. Thus, the solution for the general case of 
elastically hinged plates need be used only when a 
complete exact solution is required. 


3. Load-Strain Analysis: Middle Surface 
Forces 

The middle surface force N, may be determined by} 
considering the total expansion or contraction of the 
plate in the x-direction and, by making appropriate use 
of the stress-strain equations, forming a relation between 
N, and the thermal parameters M, and Ny. The resulting 
equation, though not solved explicitly, will yield a semi- 
graphical method for determining the middle surface 
force N.. 

If the length of the plate in the deformed position 
(measured along the middle surface) is L and its initial 
length before heating is a (see Fig. 3), the average strain 
in the x-direction is 
L 


(21) 


The average strain is also obtained by solving the 
stress-strain equations for the local strains and setting 
the strain in the y-direction equal to zero. Integrating 
through the plate thickness and then over the length of 
the plate, the average strain becomes 


where Ny is the average thermal force* in the plate. The 


y? 
— (N.+ Nz) (22) 


*The thermal force is defined as 
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length of the plate in its deformed position is obtained 3.1. DETERMINATION OF THE MIDDLE SURFACE FORCE IN 
by integration along the deflection curve w. Thus, A HINGED PLATE WITH A UNIFORM THERMAL 
MOMENT 
n Nz dw\? The deflection of a plate with two opposite edges 
ky + =) freely hinged and to a 
7 moment My, is given by equation (14). The first 
Combining equations (21), (22), and (23) yields derivative of this expression is substituted in equation 
a=, /k, (24) with the result 
| Aa,(1-cos Aa) 
Equation (24) represents a unique relation between ab?AN, sin? Aa, - @) 
n Ag, § the middle surface load N, and the average thermal where 
—_ltorce Nr. Because of the transcendental nature of this N 
| equation, an explicit solution for N, cannot be extracted. a, =a-— 
‘It is possible, however, to perform a graphical solution . 
‘by plotting equation (24) with N, as the independent If the boundaries x=0, a, are fixed, the boundary trans- 
case variable against N» and with the thermal moment M; as lation stiffness constant is infinite and equation (25) 


the }a parameter. Given ‘Ny and My, for any specific thermal 


eely Isituation, then, N, may be determined by reference to 
the Fthe curve. This will be illustrated by an example. 
e 
mt = 5x107* 
My = 107" 
0 
mt = 107° 
mt 107% 
mt 2x 107° 


FiGuRE 4. 


x10 


x 103 


becomes 


6M,” (Aa—sin AaX(l —cos Aa) 


ab?AN, sin? Aa (26) 
My «= 107 
0.0 + 4 1 
0.0 0.5 1.0 
Nt 
mt «= 1073 
My «2x10 
¥2104 uy eS 
210 
0.5 > 
Mf 
0.0 
0.0 0.5 1.0 
nt 


Middle surface force Nt plotted against thermal force Nt for plates with two opposite edges hinged and 
subjected to various uniform thermal moments M+ and parameters y, 
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Equation (26) can be put in dimensionless form using 
the following definitions : 


_ (l-v)N _(l-»)M _ 
where 

y=12(1+»(4) aD vet 


is the most significant parameter of the system. The 
dimensionless form of equation (26) is, therefore, 


6M,*? (A*+ —sin At) (1 —cos A+) 
Nt sin? 
Equation (28) is shown plotted in Fig. 4 for a variety of 
uniform thermal moments M;* and system parameters 
v. (The broken lines indicate the Euler critical loads.) 
With N,*+, My* and ¥ given, it is possible to obtain the 
corresponding middle surface load N,* from Fig. 4. 


Nyt = - (28) 


3.2. LOAD LIMIT CONDITIONS 
It is possible to establish certain limits on the load 
N, by inspection of the middle surface load equation 
given in the example of the previous section. Inspection 
of equation (25) indicates that the denominator on the 
right side goes to zero if 


Thus, a limit is set on the force in the middle plane by 
defining the critical force as 


Nece= -2(=)" D(; (30) 


If the boundaries are fixed, the load limit N,., becomes 
simply 


. GW) 


which is precisely the same as the load given by the 
Euler formula for the isothermal buckling of flat plates 
in compression. The distinction between the isothermal 
and non-isothermal cases is important, however, and 
should be noted. In the isothermal case, an externally 
applied load on an initially flat plate may be increased 
until the Euler critical load is reached, at which time the 
plate buckles. In the non-isothermal case, the middle 
surface force N. increases due to restraint of thermal 
expansion as the temperature (and N7) is increased. The 
increase in N, is, in general, accompanied by a thermal 
moment. As the plate departs from flatness, the force 
N, is relieved. Thus, the load limit N,.; is not reached. 
As Ny is increased further, the transverse deflection also 
increases while the middle surface force N, asymptoti- 
cally approaches the load limit N,.r. This behaviour is 
indicated in Fig. 4. For clamped plates or for elastically 
hinged plates, the behaviour is similar although the load 
limits are higher due to the additional support at the 
boundaries (Refs. 2 and 3). 

If the average temperature increase in the plate is not 
accompanied by a thermal moment, the behaviour of the 
plate is similar to the behaviour of an isothermal plate 
in compression as long as the middle surface load is less 


than the Euler critical load. That is, the middle surfag, 
load increases linearly with the thermal force withoy 
occurrence of transverse deflections (assuming nop. 
eccentric edge supports). When the Euler critical log 
is reached, buckling takes place (for hinged plates) as j 
does in the isothermal plate. However, in the presen 
case, the middle surface force is a decreasing functioy 
of the transverse deflection so that as soon as buckling 
occurs the middle surface force is diminished to a valy 
below the Euler critical load. 

A critical average temperature may be defined fy 
the case in which no thermal moment exists as th 
average temperature rise required to cause the Eule 
critical load to be developed in the plate. This critica) 
average temperature for a plate with two opposite edges 
hinged is 


3.3. EVALUATION OF LOCAL STRESSES 


The local stresses are given by 
2. 
1 vE dw _ EaT 


The shear stress o,, is not present in the type of loading 


considered. Since there is no strain in the y-direction, 
equation (34) can be reduced to 


o,=vo,—Eatl. (35 


Thus, equations (33) and (35) represent a complete stress} 
solution. The second derivative of the deflection is 
determined from the deflection solution, while th 
middle surface force N, comes from the load-strain 
analysis. 


4. Conclusion 


A method of analysis has been presented which 
enables the prediction of thermal stresses and deflections 
in heated long rectangular plates with various boundary 
conditions. The temperature and deflection wer 
assumed to be constant in the spanwise direction. The 
solution is valid for large deflections of the plate. 

The resulting equations show that in the presence of 
a finite thermal moment, the compressive load developed 
in the plate asymptotically approaches the Euler critical 
load for flat isothermal plates in compression. Whet 
heating of the plate is not accompanied by a thermal 
moment, the Euler critical load is reached if the average 
temperature increase is sufficiently large. This critical 
average was shown to depend upon the rigidity of th 
surrounding structure. 
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Atmospheric Turbulence on South African 


Air Routes 


BY 


E. C. HALLIDAY", Ph.D., and J. A. KINGt, B.Sc. 


(*National Physical Research Laboratory, C.S.1.R., Pretoria, South Africa. 


{Formerly 


Weather Bureau, Pretoria, now with C.S.1.R.) 


1. Introduction 

When South Africa joined the Commonwealth 
Advisory Aeronautical Research Council in 1948 it was 
decided that the study of atmospheric turbulence was the 
first research project which could be undertaken. 
Equipment for the recording of aircraft accelerations was 
not then available commercially so an apparatus was 
assembled in the laboratory of the National Physical 
Research Laboratory, use being made of a commercial 
sensing head and an oscillograph galvanometer with 
photographic recording. The apparatus weighed about 
fifteen pounds so it was used on Douglas DC-3 (Dakota) 
aircraft which were flying for the S. A. Air Force on 
routes from Pretoria, to Durban, Cape Town and return. 
This apparatus recorded altitude and vertical acceleration 
of the aircraft. At a later date a lightweight commercial 
instrument was purchased and fitted into a Douglas 
DC-4 (Skymaster) aircraft flying on the routes of S. A. 
Airways. This instrument recorded altitude, air speed, 
and vertical acceleration. In both instruments the speed 
of the photographic recording paper was about four 
millimeters a minute so that oscillations with a frequency 
higher than one in three seconds were not shown. Thus 
internal vibration of the aircraft was not mistaken for 
true “gusts” for it appeared, when it occurred, as a 
spread of the width of the trace. The assembled instru- 
ment was calibrated on a vertically oscillating table. The 
commercial instrument came with calibration curves. 


2. Analysis of the Records 

The method of measuring the records was as follows: 
The routes being flown were divided up into numbered 
sections, each of about half an hour’s duration, and 
from the pilot’s log and the times marked on the record 
paper these sections were marked off on the records. 
A heavy sheet of plastic was marked with parallel lines, 
the distance between each line being equal to the move- 
ment of the galvanometer trace for one tenth of a g. 
The centre of this system of lines was coloured white and 
the graticule thus formed was laid on the trace, with the 
white line running down the centre of the accelerometer 
trace. It was then possible to run the eye along the half 
hour of recording (120 mm. of record) and count the 
number of times that the trace crossed each of the lines in 
both the positive and the negative directions. 
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The information so obtained was written into record 
sheets, one sheet to a route section, and at the same time 
the average altitude shown for that section was entered in 
the record sheet, together with the date and such inform- 
ation concerning weather conditions as the pilots had 
entered on a special log sheet with which they were 
supplied. This weather information was entered in the 
form of a two digit code. The numbered sections were so 
chosen that no section ended right at a landing ground 
but always a few minutes flying time away. The short 
sections which corresponded to the low flying of take-off 
or landing were then put into a separate record sheet 
which therefore contained only the results of low flying 
conditions. 

In the case of the SFIM recorder the sensitivity of the 
accelerometer was lower than in the case of the labora- 
tory apparatus and so gust frequencies were recorded for 
thresholds of 0-2, 0-4, 0-6, 0-8 and 1-0 g whereas on the 
DC-3 recordings every tenth of a g was recorded from 0-2 
upwards. 

The information in the record sheets was transferred 
to punched cards and these cards were then used to sort 
the information into various categories and to obtain 
frequencies of gust occurrence for such categories as 
stated altitude, stated time of year and so on. 

The recorded accelerations were translated into 
vertical gust speeds by use of the following equation: 


2AnW 
Fpav 

equivalent gust speed 
An _ acceleration increment (g units) 
wing loading 
air density at flight level 
lift slope 
true air speed 
F _ gust alleviation factor. 


W 
p 
a 


The gust was assumed to increase linearly to its maxi- 
mum value in a horizontal distance of one hundred feet 
and the alleviation factor was calculated as a function of 
the mass parameter: 

_ 

pgca 

where C is the mean wing chord. 
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TABLE I 7 (d) the variation of the frequency of occurrence of 
DCc-3 Ss DC-4 gusts with the time of year, 
Mean all-up weight (Ib.) 25200 65000 (e) the variation of the frequency of occurrence of | —— 
Wing area (sq. ft.) 987 1461 gusts with time of day, a 
(ft./sec.) (f) the variation of the frequency of occurrence of 
Mean wing chord (ft.) 10-4 12-5 gusts with weather conditions. —— 
Air density (slugs/cu. ft.) 0-0018 0-0018 It was found that the weather information had beep H 
Alleviation factor | 0-7 0-74 supplied by the pilots in too erratic a manner to enable 
classification (f) to be effective. The circumstances of the | —— 
The operating conditions of the DC-3 and DC-4 operation of the SFIM accelerometer resulted in it being ” 
aircraft were very similar on most flights, and in deriving out of operation during the months of May and June for 38 
gust velocities from recorded accelerations the values both years of operation so that a graph of gustiness with 
shown in Table I were used. Applying these average time of year is not very satisfactory and as a result “S 


values the relationships between gust velocity (U) and 
acceleration increment (An) are, 


classification (d) has been made with DC-3 data only. 
The results of the classifications are given below. 


for the DC-3 U=33An 

for the DC-4 U=45An. 
To make the observations easily comparable with 
studies which have been published by other workers‘? 
the information was finally reduced to the form where it 


3. Gust Spectra 


Table II gives all the information which was obtained | —— 
throughout the period of observations from both Gu 


appeared as miles flown per gust experienced and in that aircraft. It therefore gives data for gustiness experienced ‘= 
form all the tables have been drawn up and all the graphs at all altitudes at all times and on all routes in South 
have been constrected. Africa. Fig. 2 gives the information in graphical form | —__ 
In the analysis an attempt was made to study six with miles/gust plotted on a logarithmic scale. The two 
different classifications: graphs, one for each type of aircraft, have a slight | —— 
the bulk ie f the incid f diff curvature, concave to the gust speed axis, but the 
(a) the bu curvature for the DC-3 graph is greater than that of the |} ~~ 
gust speeds, a DC-4 graph. The two aircraft are rather similar, except 
(6) the variation of the incidence of different speed that the DC-4 is faster, slightly larger, and has a higher | — 
thresholds for different sorts of flying conditions, wing loading than the DC-3. It would be expected then 
(c) the variation of the frequency of occurrence of that, provided the assumption about gust shape used in ‘ 
gusts of given magnitude with altitude, the conversion from acceleration to vertical wind speed 
1 
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TABLE II 
SUMMARY OF OBSERVATIONS 


DC-3 Aircraft 


Total gusts over given threshold and below next | 


0-2¢ 0-3¢ | 0-4¢ | O-5¢ | 0-6¢ O-7¢g | O8¢ | OSs | 1:0g 
Hours 6°6 9-9 13-2 | 19-8 23-1 | 26°4 29-7 | 330 | 
ft./sec. ft./sec. ft./sec. |  ft./sec. ft./sec. ft./sec. ft./sec. | fit./sec. |  ft./sec. 
| 
211-58 10564 1936 344 CO 79 18 10 5 3 2 | + Coastal 
10187 1852 296 65 13 4 3 0 0 | — Coastal 
383-09 35750 8023 1728 499 133 33 13 6 5 | 4 Inland 
34191 7057} 1353 | 294 | 90 24 10 | 4 1 | — Inland 
594-67 | 90692 18868 3721 937 254 71 31 13 | 8 
Total gusts above thresholds 
114595 \23903 5035 1314 cr | 123 52 21 8 
Gusts/hour 192-703 40-195 | 8-467 2-210 0-6339 0- 2068 0-0874 0-0353 | 0-0135 
Miles/gust 0-893. 4-282 20-328 77-881 | 271-53 832-29 1968-4 4874-5 112797 
DC-4 Aircraft 
Total gusts over given threshold and below next 
0-2¢ 0-4¢ 0-62 0-8 ¢ 
Hours 9 ft./sec. 18 ft./sec. 27 ft./sec. 36 ft./sec. 45 ft./sec. 
98-3 3239 43 1 0 0 + Coastal 
2291 25 0 0 0 — Coastal 
247-52 10001 318 i8 0 0 | + Inland 
9425 395 10 0 0 | — Inland 
130-64 6471 141 3 0 0 | -+ Unknown 
4876 91 3 0 0 | — Unknown 
138-90 8633 | 205 3 0 0 | + Take-offs and Landings 
6731 162 6 1 0 | — Take-offs and Landings 
615-59 | 51567 | 1380 | 44 1 0 
Total gusts above thresholds 
$2992 1425 45 1 | 0 | 
Gusts/hour | 85-4 2:31 0-073 0-:0016 | 0 
Miles/gust | 2:47 | 91 2-880 — — 


is a close approximation to reality, the gust spectra 
should be similar because the aircraft were flying on 
almost the same routes. It was considered that perhaps 
the routes were not so similar and a study was made of 
the effects of change in terrain on gust spectrum. 

The Union of South Africa (Fig. 1) consists of a 
high table land, edged with mountains to the West, the 
South, and the East and surrounded by a coastal belt a 
few hundred miles wide, descending sharply to the sea. 
The high plateau has an elevation which, although it does 
vary, does so between quite narrow limits so that it is not 
far wrong to say that the average elevation is 4,000 ft. 
The coastal belt is very mountainous where it approaches 
the high plateau but it will be seen on the map that the 
coastal routes are largely over land which is less than 
2,000 ft. and often less than 1,000 ft. above sea level. 
Routes which run from Johannesburg to the coastal 


towns have sections over the coastal belt where the land 
elevation is changing very rapidly but these sections are 
more like the coastal sections than they are like the high 
plateau sections. It was therefore decided to divide all 
the records into two groups, first those for flying over the 
plateau and secondly those for flying over the coastal 
belt. The information so obtained appears in Table III, 
where it will be noticed that in the case of the DC+4 air- 
craft there are three categories, the third one being 
headed “unknown routes”. This was made necessary 
because, on occasions, delays in receiving the accelero- 
meter records made it impossible to be sure on what day 
the record was made so that the route could not be 
identified. 

It is inevitable that with this subdivision of the 
records the quantity of information available in each 
category has been reduced, so that the statistical 
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TABLE III 
GUSTINESS AT DIFFERENT ALTITUDES 
DC-3 Aircraft 
Height Miles per gust over stated threshold — ft./sec. 
Route Duration thousand 
(Hours) ft. 66 | 9-9 13-2 16-5 19-8 23-1 26-4 | 29-7 
30-5 Low Flying 0-13 0-68 4-4 17-2 52-6 105-2 166-6 -- 
60 1 - 4:5 1-6 9-0 49-5 358 2875 8333 
Coastal 24 4-5- 6:5 0-93 4-7 39-5 108 235 431 
21 6°5 8-5 1-7 8-3 35-2 112 308 719 
68 8-5 - 11-0 3-4 30-2 193 1315 16660 
55 Low Flying 0-09 0-38 1-77 7-32 23-4 71-6 164 _ 
2 1 - 0-26 0-84 2-94 9-7 40 
50 6-5 8-5 1-17 6°34 “32-8 125 475 
270 8-5 - 11-0 0-80 3-79 16-9 61-9 218 752 1786 4672 
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GusT veLocity F/S 
FicurRE 4. Frequency distribution of gust velocities for low 
level flying over two different types of country. 


reliability of the values of miles/gust has been impaired. 
The shortage of information is most acute at the high- 
gust-speed end of the table. Wherever the total number 
of gusts available was less than ten the information has 
not been used in the graphs. 


The information has been shown in graphical form 
in Figs. 3 and 4, where Fig. 3 deals with the higher 
altitudes and Fig. 4 shows low flying conditions only. 

The first impression gained from Fig. 3 is that on 
the whole the graphs are good approximations to 
straight lines, with the exception of the curve marked 
DC-3 5,000 ft. coastal and the top of the curve DC-3 
10,000 ft. inland. The second impression is that the 
slopes of the curves are not the same, but that the slopes 
for different aircraft, flying at the same altitude under the 
same conditions are the same. In the case of inland 
flying at 10,000 ft. the points for DC-3 and DC-4 fall 
practically on the same line, indicating that the equations 
for reducing acceleration, as measured in the aircraft, 
to gust velocity are reasonably good approximations to 
the physical processes taking place. 

The curve for coastal flying at 10,000 ft. shows an 
increase of 220 per cent in miles/gust for every rise of one 
ft./sec. in the threshold. The curve for inland flying at 
the same altitude shows an increase of only 110 per cent 
in miles/gust for a similar rise in the gust speed threshold. 
The curve for coastal flying at 3,000 ft. shows an increase 
of 186 per cent in miles/gust for a one ft./sec. increase in 
gust speed threshold, suggesting that as distance from 
the ground is decreased, the slope of the curve also 
decreases. 

The information for this altitude however is not 
entirely reliable because of the circumstance that when 
pilots were forced to fly at low altitude because of cloud 
cover they often flew out over the sea, thus introducing a 
further variable which could not be taken into account. 
It is quite possible that flights actually over coastal land 
at an altitude of 3,000 ft. would produce a curve with a 
slope much nearer to that of inland flying at 10,000 ft. 
but the data so far collected do not allow this to be 
proved. 

The curve for coastal flying at 5,000 ft. has been 
included to show the effect of the inclusion of information 
for which an inadequate log was supplied. This curve 
comes, as will be seen from Table III, from twenty four 


TABLE I{1—(continued) 


DC-4 Aircraft 


’ Height Miles per gust over stated threshold — ft./sec. 
Route Duration thousand 
(Hours) ft. 9 18 27 
95 | Low Flying 0-24 13-6 606 
29 1 - 4:5 2:61 305 
Coastal 9 4:5 - 13-2 
6 6-5 - 8-5 172 

40 8-5 — 11-0 13°5 2325 am 
20 | Low Flying 0-20 4:3 202 
Inland 0:3 4:5- 105 
12 6-5 - 8-5 3-3 66:3 288 
214 | 8-5 - 11-0 3-0 90 3030 
115 | Low Flying 0-23 10-5 263 
9 7-4 177 
Unknown 2°5 4-5 - 3-4 131 
6 6-5 8-5 6:1 617 
89 | 8-5 - 11-0 3-0 160 8340 
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hours of flying, but the upper threshold figures, 16-5 
ft./sec. and upwards are largely derived from a particular 
flight of three hours in which it is known that there were 
heavy cloud conditions and that the aircraft took three 
hours to cover a section which normally occupied one and 
a half hours. The log was incomplete and it is now not 
possible to check this point as the flight took place 
several years ago. It appears that either the weather 
conditions were exceptional or that a deviation from the 
route was made with a result that a high incidence of 
gustiness was encountered. The net result is that the 
graph has a marked curve at its upper end and this 
illustrates the fact that the upper portions of curves such 
as these, tend always to be less reliable than the lower 
portions which always are produced from a much larger 
number of gusts. When Figs. 2 and 3 are compared it is 
found that the graphs from the bulk information lie 
almost on top of the graphs for inland flying, so that 
approximately the same values of miles/gust are obtained, 
but that the curvature which shows on the bulk inform- 
ation graphs has disappeared from the graph for inland 
flying. This is understandable because the figures for 
coastal flying always show fewer gusts per thousand 
miles than do the figures for inland flying. Thus when an 
average value is obtained the effect of the inland flying 
predominates. It is therefore suggested that in further 
studies of gusts, both in South Africa and elsewhere, the 
effect of the terrain over which the aircraft is flying should 
be studied, especially where that terrain is at a great 
elevation. 

Information on this score is already available from 
Hermes Aircraft for it is shown in Table VII of Ref. 3 
that gustiness over East Africa is about five times what it 
is over Europe for the 10 ft./sec. threshold. In addition, 
in Table VI (Ref. 3), figures are given from which it is 
possible to draw two gust spectra for these two regions 
and for flight altitudes of 9,500 to 14,500 ft. The slope of 
the gust spectrum graph for European flying is steeper 
than that for flying over Eastern Africa but the difference 
in steepness is considerably less than is the case for flying 
in South Africa. It is possible that the difference between 
the two sets of information (Hermes and DC-3 aircraft) 
is caused by the fact that quite half the length of route in 
East Africa is over low level ground where the altitude 
and the height above the ground are almost identical. 
It is of course quite legitimate to use the bulk information 
from aircraft flying over all routes to obtain the gust 
characteristics of a particular region of the world such as 
South Africa, but with the present phase of interest in 
gusts where an attempt is being made to look at the gusts 
themselves and to obtain some form of specification of 
the gust spectrum of the atmosphere, it would seem to be 
necessary to specify the sort of atmosphere whose 
spectrum is being measured. 

The graphs of Fig. 4 show the gust spectrum obtained 
with aircraft which are flying near to the ground, either 
taking off or landing. Here it is found once again that the 
graphs for flight over the plateau have smaller slopes 
(120 per cent per 1 ft./sec. for DC-3; 85 per cent for DC-4) 
than the graphs for flight over the coast (145 per cent 
per | ft./sec. for DC-3, 120 per cent for DC-4) but in each 
case the slope for low flying is smaller than for the 
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corresponding high flying case in Fig. 3. In addition the 
curves for the DC-3 aircraft show a pronounced curvature 
towards the gust-velocity axis and this gives rise to the 
suspicion that two different sorts of flying are being 
mixed in the statistics. It was mentioned earlier tha 
when DC-3 aircraft, flown by military personnel, met 
with low cloud on coastal flights, they often flew out over 
the sea. As a result, some of the information for even 
the low flying for landing purposes must relate to flight 
over the sea and this may well be the mixed information 
which causes the DC-3 graph for coastal flying to have 
such a marked curvature. 


One further item of information from Table III has 


not been drawn as a graph, and this is the gust spectrum 
for flight at 7,500 ft. over the plateau. It will be noticed 
in Table III that the miles/gust are consistently higher 
than the values for flying at 10,000 ft. and measurement 


of the slope of the curve shows that it is somewhat } 


higher than the slope of the 10,000 ft. curve. A study of 
the record cards does not give any indication of abnormal 
flying conditions on any of the flights which make up the 
information and the only thing which can be said is that, 
as only 50 hours of flying is involved, the data for 10,000 
ft. flying, which comes from 270 hours of flying, must be 
accepted as more reliable. It is also possible that the 
higher miles/gust at 7,500 ft. are due to the avoidance 


of bad weather by pilots as has been suggested by | 


Heath-Smith”. In that case, however, it is still necessary 
to explain why the slope of the curve is steeper than in 
the case of flight at 10,000 ft. 


4. Variation of Gustiness with Altitude 

An attempt has been made to study the variation of 
gustiness with altitude, as has been done in various other 
studies of records of aircraft operation. Here difficulty 
was experienced because of the facts which are revealed 
in Table III, namely that at levels between 1,000 ft. and 
9,000 ft. the number of flying hours which have been 
logged is rather too small for the information to be 
reliable. 

The data for the graphs can be obtained by reading 
down the columns of Table III, and the graphs appear in 
Figs. 5 and 6. The actual points plotted have been joined 
by dotted lines and a full line has been put in to indicate 
the shape which is thought to be most probable. In Fig. 
5 it will be seen at once that all the points for altitude 
3,000 ft. are high and the probable reason for this has 
been given in the earlier discussion on gust spectra. The 
points for altitudes 5,500 and 7,500 ft. are suspect as 
mentioned previously and the higher gust speeds are more 
unreliable than the lower gust speeds because the actual 
number of flights which provided the data is smaller for 
these higher values and so the abnormal flying conditions 
play a greater part in producing these points. It is 
therefore not surprising that for the 6-6 and 9-9 ft./sec. 
gusts the points are almost on a straight line but that for 
the higher values of gusts the points fall well below the 
straight line. The single curve drawn from DC-4 data 
is concave to the altitude axis and here one point has 


_ been left out as being derived from only six hours of 


flying and producing a value of 172 miles/gust which is 
not credible. 
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Variation of gustiness with altitude for coastal 
flying. 
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The general result is that if the two points with the 
most flying hours are taken as reliable the information 
shows that miles/gust rise by a factor of from 25 to 60 
when the altitude changes from under 1,000 ft. to over 
10,000 ft. This can be compared with values obtained on 
Viking aircraft over Europe‘), where the miles/gust rose 
by a factor of about 25 with the same altitude change, and 
with values obtained with Hermes aircraft on journeys to 
Central Africa’ where the corresponding value was 
slightly over 30. 

In the case of Fig. 6 there are only three points for 
each graph, so that the shape of the curves leaves some- 
thing to conjecture. The rise in miles/gust as the altitude 
changes from approximately 3,000 ft. (very close to the 
ground) to 10,000 ft. is much the same as it is in the case 
of the coastal flying, the average value being a rise of ten 
times. 


5. The Variation of Gustiness with Season 

Table IV gives the figures obtained by analysing the 
gust records in accordance with the seasons. Periods of 
two months were taken so as to make the number of 
gusts in each period sufficient for the results to be 
significant. 

The results for DC-3 flights appear in Fig. 7. It is 
apparent from the graphs that it is the summer months 
on the plateau which are mainly responsible for the 
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increase in gustiness, or the decrease in miles/gust which 
appear in the previous tables and graphs. Both sets of 
curves show a double hump which is unexpected as it was 
thought that the plateau winter which is associated 
with clear skies and low wind velocities would give high 
values for miles/gust. The figures for the DC-4 aircraft 
have not been shown in graphical form because, owing to 
apparatus and administrative difficulties, no records 
were made during July and August for two years running. 
The figures in the table indicate that the highest values of 
miles/gust occurred during March and April at the coast 
and during September and October on the highveld, 
if the 9 ft./sec. values are taken. The years are not the 
same as those to which the DC-3 values refer so that it is 
not possible to argue from the one set of values to the 
other set. There is, however, a suggestion in the figures 
that a similar seasonal cycle is taking place but with the 
phase of the cycle changed by a month or perhaps even 
more. 


6. Variation of Gustiness with Time 
of Day 


This information is given in Table V and graphs have 
not been drawn as the trends are fairly clear from the 
table. The general trend is that during the hours before 
mid-day twice as many miles are flown per gust as during 
the hours of mid-afternoon. It is also noticeable that in 
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TABLE IV 
GUSTINESS WITH SEASONS 
DC-3 Aircraft 
, Time Miles per gust over threshold in ft./sec. 
Routes Duration of year 
(Hours) (days) 6°6 | 9:9 13-2 19-8 
34 O- 61 2-47 14-83 72-5 188-6 714-2 1428 5882 
14 62 - 122 2°12 12-72 74-1 500-0 2439-0 _ = 
Coastal 26 123 - 183 0-99 5-79 64-1 370-3 2173-1 — _ 
38 184 -— 244 1-46 9-16 45-7 142-8 625-0 1315-0 3448-0 
23 245 — 305 2-24 14-47 73-0 285-7 1315-0 — — 
46 306 — 265 2-44 11-24 48-8 212-7 526-3 1010-0 2173-0 
56 O- 61 0-72 3-78 17-7 75-2 246-3 595-2 4347-0 
33 62 - 122 2-05 19-20 156-2 333-3 476-1 625-0 1000-0 
Inland 42 123 — 183 0-70 6-04 53-8 178-5 555-5 3448-0 _— 
70 184 -— 244 1-85 10-4 50-0 172-4 526-3 2857-0 8333-0 
69 245 — 305 0-72 2-89 12-3 35-2 120-4 500-0 1234-0 
58 306 — 365 0-56 | 2-34 10-2 42-4 185-1 588-2 1923-0 
DC-4 Aircraft 
, Miles per gust over threshold in ft./sec. 
Routes Duration (Hours) Time of year 
(days) 9 18 
! 
61 7°3 318 
62 - 122 105-5 — 
Coastal 123 — 183 No Data No Data 
184 -— 244 5-0 2080 
245 — 305 9-8 1615 
306 — 265 3-7 384 
0 - 61 2-96 132 
62 - 122 1-73 20 
Inland 123 -— 183 No Data No Data 
184 — 244 3-66 133 
245 -— 305 7-36 263 
306 — 365 5-80 400 
TABLE V 
GUSTINESS WITH TIME OF DAY 
DC-3 Aircraft 
| Time of Miles per gust for stated thresholds in ft./sec. 
Routes 
| (hours) 9-9 13-2 16-5 19-8 23-1 26-4 | 29-7 
03: 00 — 09: 00 32-78 181-8 2439 — — — | — 
Coastal 09:00 - 15:00 9-73 58-1 238-0 1000 2857 8333 —_ 
15:00 — 21:00 9-00 42-6 156-2 250 435 833-3 3448 
21: 00 — 03:00 
03: 00 — 09: 00 15-1 40-2 120-4 
Inland 09:00 - 15:00 0-39 18-1 2463 952 2439 8333 
15:00 — 21:00 0-54 2-58 105-2 370-3 1010 2857 8333 
21: 00 — 03:00 | 9-67 30-5 153-8 384-5 526-3 | 769 
DC-4 Aircraft 
Time of Miles per gust for stated thresholds in ft./sec. 
Routes 
(hours) 9 18 27 
3-9 High High oo 
Coastal 9-15 6-04 770 — 
15 - 21 4-47 526 — 
21- 3 No flying recorded 
9-6 435 High 
3-32 57-5 1925 
2:17 38-5 1315 
9+26 High 
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FIGURE 7. Variation of gustiness with time of year for two 

different types of country. 


the case of inland flying there is evidence that “‘miles/ 
gust” rises round about sunset so that uneventful flying 
is experienced by arranging for take-off to be in the late 
afternoon, as well as by having early morning take-offs. 


7. Conclusion 

(i) Measurements of gust frequency on air routes in 
South Africa, made with two different types of aircraft, 
show considerable agreement indicating that the assump- 
tions concerning gust shape used when converting 
acceleration into equivalent gust speed are not seriously 
in error. 


(ii) Graphs showing gust spectra have markedly 
different slopes, depending upon whether flights were 
over inland ground or coastal low level ground. There 
was not enough data to establish whether the distance 
from the sea or the elevation of the ground had the 
predominating effect. 


(iii) There is a decrease in gustiness with altitude, of 
about the same order of magnitude as has been found in 
Europe and on routes from England to Central Africa. 


(iv) There is a seasonal variation of gustiness on 
South African air routes and the amplitude of the 
variation is much greater for flights over the plateau than 
for flights along coastal routes. 


(v) The daily variation of gustiness is much the 
same as has been found elsewhere. It should be noted 
that “‘miles/gust” increases very soon after sunset and, 
is probably on the increase even before sunset. 
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THE LECTURE 


OME 500 members and guests attended the opening 

of the Society’s Lecture Theatre by Lord Brabazen 
of Tara, P.C., M.C., Hon.F.R.Ae.S., on 2nd December 
1960 at 7 p.m. Three hundred and ten people were 
accommodated in the Theatre and the rest shared in the 
proceedings by means of closed circuit television in the 
Foyer, the Council Room and the Library. 


The President, Dr. E. S. Moult, opening the 
proceedings said that this was an auspicious occasion; 
at long last the Royal Aeronautical Society had a 
Lecture Theatre of its own. Their first President, of 
nearly a hundred years ago, the Duke of Argyll, looking 
into this Theatre from the rear of the platform, would 
he was sure, be as pleased and delighted as were they all. 


The Council had invited one of their most 
distinguished predecessors in office, Lord Brabazon, who 
was President exactly a quarter of a century ago, to 
perform this opening ceremony. 


This was essentially a family gathering and it would 
be bordering on the impertinent to introduce Lord 
Brabazon to them, the members of that family. He was 
almost the Father of British Aviation and was held in 
affection and esteem by all of them; without more ado 
he would ask Lord Brabazon to open the Theatre. 


Lord Brabazon first read the following cables and 
telegrams which had been received : — 


Courtesy of Holland & Hannen and Cubitts Lid. 
The Lecture Theatre looking towards the platform. The portrait of the Duke of Argyll, first President, now hangs at the back of the platform) 


From the Council of the Southern Africa Division. 
Congratulations on opening of Lecture Hall. May 
your endeavours to promote the arts and science of 
aeronautics prosper. 


From the Australian Division. 
President Australian divisional council and members 
send greeting on occasion of opening ceremony iew 
Lecture Theatre. 


From the Canadian Aeronautical Institute. 
The President, Council and members of _ the 
Canadian Aeronautical Institute send greetings to 
the Royal Aeronautical Society on the occasion of 
the opening of the Lecture Theatre. May it always 
be too small. 


From the Institute of the Aerospace Sciences. 

The Officers, the Council and the membership of 
the Institute of the Aerospace Sciences extend 
congratulations and good wishes to the Society on 
the occasion of the opening of the new Lecture 
Theatre. We regret that we cannot be with you at 
this time but look forward to continuation of the 
close relationship that has existed between the two 
Societies for so many years. 


From Dr. Theodore von Kérmdn, Chairman of the 
Advisory Group for Aeronautical Research and 
Development, N.A.T.O. 
Regret unable to be present at opening ceremony 
new Lecture Theatre. Please express my best 


greetings to Lord Brabazon. 
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Courtesy of ‘‘The Aeroplane and Astronautics.”” 


Looking towards the rear of the Theatre, showing the Projection Room and the Rewind Room. 


Lord Brabazon then opened the Lecture Theatre in 
the following words:—I am readily aware of the fact 
that I have been selected to have the honour of opening 
this Lecture Theatre by virtue of my disastrous longevity. 
In a Society like ours—the oldest in the world—nearing 
its cententary, this is both natural and proper. Through- 
out aeronautical history there have, of course, been 
milestones of achievement that stand out. Relative to 
the Society’s history there have also been advents of 
great importance. First of all, its foundation in 1866. 
Very imaginative, all of you will agree, considering the 
date. Then, its emergence into eminence, which, indeed, 
was its birthright, with the help of the industry that had 
grown up, from tiny offices in Albermarle Street to this 
splendid house here. There has always been the desire, 
it has been latent for many years in the Society, of 
having its own Lecture Theatre and at last that has been 
tealised and here we are in this splendid place, because 
it is indeed a splendid place. 


Because, over 60 years, so much has _ been 
accomplished, we must not be complacent. What is so 
inspiring to me is that this great Society, alive and virile, 
is not dwelling on the past but thinking of the future. 
There is much to be done and it is indeed our hope that 
by discussions here in this very hall, in the interchange 
of thought between young imaginative people, ideas may 
be born and may result in this country maintaining its 
lead in pioneer work. For instance, although I do not 


41 


expect ever to see a garage of man-powered aircraft 
parked outside this building before I pass on, I would 
like, indeed, to see the feat accomplished. 


In these days of traffic congestion in the air, we are 
all aware of what is known as a “ near miss.” We are, 
! think, to be congratulated therefore, on the fact that 
in the vast changes being made at Hyde Park Corner we 
have escaped by about 10 feet from annihilation at birth. 
We could not be much nearer than that. 


I have to congratulate all those, and there are many, 
who have been responsible for this splendid achieve- 
ment and I have the great honour of declaring this 
Hall open. 


A slide was then shown of Lord Brabazon in 1909 
sitting in the aeroplane in which he took into the air the 
first pig to fly. As the President said, in his youth a 
common expression for the height of incredulity had 
been “yes and pigs might fly.” Lord Brabazon, in 
characteristic manner, was the first to explode that idea 
and put air freight on a sound basis. 


The President then asked Mr. W. Gordon Wilson, 
Chairman of the Graduates’ and Students’ Section and 
the youngest member of the Council to express their 
appreciation to Lord Brabazon for performing the 
opening ceremony. 
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Lord Brabazon in 1909 with the first pig to fly. 


Mr. W. G. Wilson: Mr. President, Lord Brabazon, 
my Lords, Ladies and Gentlemen. It seems to me very 
appropriate that I, representing the younger generation 
in the Society, have been asked to propose the vote of 
thanks to Lord Brabazon. With your indulgence, 
Mr. President, I would like to add a rider to this vote of 
thanks. On behalf of my generation, and succeeding 
ones, of Aeronautical Engineers I would thank the 
Society for this facility, which in the main will be for 
our benefit. I hope that in coming years we will show 
just what a profitable investment it is. We will certainly 
owe a great debt of gratitude to all those who are 
responsible. 

It is an honour to be asked to thank Lord Brabazon 
for opening this Theatre. There can have been no 
doubt at all in the minds of the members of Council in 
deciding who to ask to perform the opening ceremony 
for our guest must surely be one of the most accom- 
plished men in aeronautics. Judging from recent reports 


on television and in the press one feels that his 
accomplishments are by no means at an end. 

Father of British Aviation you are, Sir, and like 
every good parent you have played a major part in the 
upbringing of your family. With these thoughts in ming 
I thank you Lord Brabazon and the Society for all yoy 
have done for the aeronautical profession. 


The President then gave an address, illustrated by 
colour slides and ending with a short film “ Realisation 
of a Dream,” made by Marcus Cooper Ltd., which 
described the background and building of the Lecture 
Theatre. 


Dr. Moult then asked Lord Brabazon to return to 
the platform with those who had had much to do with 
the inception and creation of the Lecture Theatre, Sir 
George Edwards, Sir Arnold Hall and Mr. Peter 
Masefield, Immediate Past Presidents; Major G. P. 
Bulman, the Honorary Treasurer, Mr. A. H. Ley and 


Mr. A. L. Luke, directors of the firm of architects, and ) 


Dr. A. M. Ballantyne. As he said, he now had with him 
all those who had helped with the creation of the 
Lecture Theatre, “the architects spiritual and the 
architects temporal.” 


Dr. Ballantyne paid tribute to the part each had 
played and as a memento of the occasion, presented 
them with gold and enamel cuff links, the gold falcon 
from the Society’s crest on a blue ground. 


To close the proceedings, Lord Brabazon’s voice, | 


which had been recorded, was played back and for the 
second time the Lecture Theatre was declared open. 

Members and guests then adjourned to the buffet 
suppers which were served on the second floor, in the 
Library and in a heated marquee on the roof of 
the Lecture Theatre. For the rest of the evening the 
Lecture Theatre, the remodelled fourth and the new 
fifth floors were open for inspection. 


The History of the Lecture Theatre 


THE PRESIDENT 
E. S. MOULT, C.B.E., Ph.D., B.Sc., F.R.Ae.S., M.I.Mech.E. 


HE LECTURE THEATRE has now been opened, 

and I have taken it on myself to be the first to give 
an address in this newly-opened Theatre. I think this 
occasion is opportune to tell you something of its 
history and, in so doing, to demonstrate some of its 
facilities. 

For many years the Council of our Society has 
considered the possibility of the Society having a Lecture 
Theatre of its own. Many of our Past-Presidents and 
Councils have expressed the desire and have made 
explorations but, though the wish was there, we did not 
see the means. Recent increases in the activities of 


the Society, the creation of Sections and Groups, each 
with its own Lecture Programme, added a new emphasis. 
Moreover, the problem of the hiring of halls has become 
increasingly difficult when one remembers that the 
Programme in London alone now includes more than 
60 lectures. 

With this in mind, many properties and sites were 
examined. A site where we might have built was 
offered to us in Portman Square, but to build anew was 


_ found, on examination, to be financially prohibitive. 


Among the properties offered was Stratford House, in 
Stratford Place, but there were difficulties and none was 
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found entirely suitable for our purpose. Throughout all 
the explorations and discussions it was apparent that 
there was a strong disinclination among us all to leave 
our pleasant headquarters at 4 Hamilton Place, unless it 
was for premises which could be held in the same 
affection and esteem. 


The black portion of the diagram (top right) indicates the 
Society’s garden and the narrow strip on the left, the ground 


acquired from No. 143 Piccadilly to straighten out the “ dog- 
leg.” 


In the Spring of 1957 we heard of the scheme for the 
Reconstruction of Hyde Park Corner and the Secretary 
was asked to obtain more information. The general 
scheme, which is becoming more evident as work 
proceeds, involves an underpass between Piccadilly and 
Knightsbridge to avoid the North-South traffic between 
Park Lane and Victoria. What had been our garden 
now borders on a new highway through the Park and 
Hamilton Place will become almost a cul-de-sac. The 
reply to our enquiries from the London County Council 
seemed to offer possibilities for the development of the 
site at 4 Hamilton Place and we decided to explore the 
matter more fully. 

Dr. Ballantyne had talks with the Town Planning 
Department of the L.C.C. and the Crown’s Agents. Both 
were very helpful and the Secretary was able to put 
forward a scheme for consideration. The essential part 
of this proposal was the acquisition of part of the garden 
of 143 Piccadilly, thus straightening the dog-leg in the 
Society’s garden. The Future Policy Committee, under 
the Chairmanship of the President, Sir George Edwards, 
was so impressed with the potentialities that it was 
decided to commission a firm of City Architects, Messrs. 
Ley, Colbeck and Partners, to investigate further. At 
this stage the proposed Lecture Theatre was to be sited 
in the basement by excavating the garden and roofing 
over more-or-less at ground level. 

In November 1958, the President, now Sir Arnold 
Hall, reported to the Future Policy Committee that all 
the necessary consents and approvals had been obtained 
and that the Architects had estimated that the work 
would cost about £250,000. It was considered that this 
sum was beyond the likely range of an Appeal. We 
realised that we were living in difficult times and, with 
considerable reluctance, the Committee took the decision 
that we had to shelve the scheme. However, the Presi- 
dent, the Honorary Treasurer and Secretary decided on 
their own to make personal investigations as to what 
support might be forthcoming and these preliminary 
soundings produced the encouraging possibility of 
receiving about £40,000. This was just the fillip we 
needed at this stage and the whole question was 
re-opened. 

Early on Christmas morning 1958 Sir Arnold Hall 
telephoned the Secretary and together they discussed 
thoroughly an idea of the President to site the Theatre 
on the ground floor instead of in the basement. This 
would involve some loss of accommodation, including 
the caretaker’s flat, but would eliminate the need for 
expensive excavations. The “pros and cons” of 
the proposal were debated by the President and the 
Secretary for more than half-an-hour, but the time was 
well spent, for it was decided to approach the Architects 
and ask for an estimate for the new scheme. 

By the middle of January 1959, Sir Arnold Hall was 
able to report to the Future Policy Committee that the 
revised scheme would cost about £150,000 instead of the 
estimated £250,000 for the basement theatre. This put 
a new complexion on the whole possibility and- it was 
recommended to Council that approval to proceed 
should be given. It was a case of now or never, for once 
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This diagram indicates the response to the Appeal for Funds. 


the Hyde Park Corner Reconstruction had been 
completed, there would be no access from the rear. 

Sir Arnold arranged for a beautiful model to be 
made and this was most useful in letting us see what was 
involved in carrying out the complete scheme, both 
internally and externally. In April 1959, after very 
thorough debate, Council finally decided to launch an 
Appeal to the Members and to the Industry for the 
£150,000 we needed. It was agreed that if the Appeal 
raised a minimum of about £70,000 the remainder could 
be’ taken from the Endowment Fund. This might mean 
some curtailment of activities since income from the 
Endowment Fund has been a substantial part of our 
revenue in the past. Major Bulman, the Honorary 
Treasurer, produced a five-year Budget of Income and 
Expenditure so that the implications were fully realised. 

The Appeal was approved by the President—Sir 
Arnold Hall—in May 1959 and the wheels were set in 
motion. Copies of this Appeal were sent to all Members 
of the Society, to the Aircraft Industry, and to others 
likely to be interested. We realised we had to see our 


way by September if the Scheme were to be complete; 
in time. The response was most gratifying and as yoy 
will see the fund grew and grew; by September th 
President reported that the money received and the 


promises made now totalled about £90,000 and, with the | | 


Endowment Fund in the background, we were jy 
the clear. There is still a way, of course, of straightening 
out that curve and making the financial position evep 
more satisfactory. Let me say at once to thog 
interested, that the fund is still open and donations ar 
acknowledged and most gratefully received. 

As I have explained, the new scheme eliminated ow 
Caretaker’s basement flat and resulted in a loss off 
accommodation which we could ill afford. About this 
time our President, Mr. Masefield, made the splendid} 
suggestion that it might be possible to add a fifth floor! 
to the existing building and more than recover the are 
we had lost. There were to be certain limitations buf 
official permissions were obtained and the Architect j 
estimated an additional expenditure of about £16,00), 
provided the work was done while men and material 
were on the site. It was agreed that the money for the} 
fifth storey should be found from the Endowment Fund} 
and would not be chargeable against the Appeal. 

Tenders for the whole of the work were invited and 
in September 1959, the President reported to Coungl 
that the final decision must be made on whether or not 
to proceed immediately. The tender received from 
Messrs. Holland & Hannen and Cubitts for the buildin 
Operations alone amounted to about £83,000: after 
adding professional fees, furnishings and equipment, We 
could at last see our way without getting into debt. 

Quite a proportion of our donations are in the form 
of 7- or 10-year covenants and so we shall not strike a 
final balance for some time to come. We have had to 
dispose of some of our stock holdings to pay for th 
work as it was done and we have, in consequence, los 
the income arising. All-in-all this should be only: 
temporary tightening of the belt and it may be said.) 
thanks to the splendid response to the Appeal, that the 
financial position is now satisfactory. 

At the beginning of October 1959, the Contracton 
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The terrace garden at the start of operations at the beginning of October 1959, and, right, 
Dr. Ballantyne surveying the scene towards the end of that month. 
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THE LECTURE THEATRE 


4 Hamilton Place with the new fifth floor. 


moved in and started “Operation Lecture Theatre.” 
From the standpoint of the Staff this was more in the 


‘nature of a controlled earthquake of considerable 


duration. The first “eruption” was felt in what had 
been a small but nice back garden. The disturbance 
extended quickly from the garden area into the base- 
ment, where previously had been the kitchen, the 
bedroom of the caretakers, and the bookstores. A large 


| Crater appeared as major excavations were necessary 


A small corner of the dirt and dust. 


The new skyline and the Lecture Theatre from the Park. 


for the foundations of the new hall and for the 
associated changes at Number 4. 

Serious tremors were then detected on _ the 
ground floor and it became necessary to transfer Mrs. 
Bradbrooke, Miss Pike and the rest of the Publications 
Department to our property across the road at 8 and 9 
Hamilton Place. The possibility of this move had been 
foreseen when the premises were re-let and thanks to 
everyone’s co-operation this arrangement worked very 
smoothly. The Telephone Exchange and Mrs. Martin 
moved into the Foyer where a complete re-arrangement 
of the facilities has now been accomplished. 

The second main department to be moved was 
the Technical Department which was rehoused in the 
Library. This necessitated some curtailment of the 
normal Library services and it was not possible for 
Members to browse in the Library as had been their 
wont. However, with goodwill all around and with 
much help from our Librarian, Mr. F. H. Smith, and 
Mrs. Kay, the difficulties were soon overcome. 

There were monthly meetings of the Future Policy 
Committee and the Architects to guide the whole 
business. The Secretary gave up his room to Mr. A. J. 
Barrett—Head of the Technical Department—and him- 
self occupied No. 2 Committee Room whence Dr. 
Ballantyne continued to direct operations. These 
operations have included the continued running of the 
Society and countless discussions with the Architects, 
Builders, Authorities and all concerned in bringing this 
Hall to fruition. Members of the Staff have cheerfully 
done additional work, often in cramped quarters amidst 
the din, dirt and dust and with other inconveniences 
around them. Many of us can only guess what this has 
meant. Somehow, life survived at Hamilton Place and 
we are all most grateful for the spirit of helpfulness and 
cheerfulness which has prevailed throughout. 

Because of the urgency of completion, the addition 
of the new fifth floor and alterations necessary to create 
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The plaques for two of the Branches: Coventry and London 
Airport. The plaques were obtained through Rowans Ltd., and 
are the work of Mr. Stewart Blacker. 


the caretakers’ flat on the fourth floor continued while 
the main work on the Theatre proceeded. Those of you 
who have looked at the new skyline from the Park will 
appreciate how well the fifth floor blends with the 
surroundings: later you will have the opportunity of 
inspecting from within this most useful addition to our 
premises. 

The most important thing about a Lecture Theatre 
is what goes on inside it and, with this in mind, it has 
been our aim to make this Lecture Theatre one of the 
best equipped in the Country. A complete description 
of this equipment is to be published but I will mention 
one or two important features which will interest you. 

We may claim that the projection equipment is as 
up-to-date as it can be. The slide projector is unique; 
it is the first of its kind to be used in this country with 
the ability to accept a wide diversity of slide sizes and 
yet project them to use the full extent of the screen in all 
cases. The ciné projector is one of the latest 16 mm. 
machines suitable for silent or sound films. The source 
of light both for the ciné and slide projectors is a Xenon 
lamp: a new development now being introduced into 
the very best professional equipment. Mr. Barrett has 
put considerable effort into the specification and installa- 
tion of the projection equipment. The Society much 
appreciates his work in this connection. 

As regards the Public Address System, its 
specification was written in one sentence. “ Anything 
spoken in any part of the Theatre must be heard in any 
part of the Theatre.” The appendages you see hanging 
from the ceiling are microphones, enabling anyone to 
address the audience without the necessity of going to 
the platform. 

Provision is made for closed-circuit television—in 
fact it is in operation this evening. Lectures and 
discussions can be recorded on tape. Again this is 
being done tonight so that our Divisions overseas may 
feel they have a living part in our proceedings. 

Many of you will be familiar with the translation 
services provided at various International Meetings. The 
latest method is by means of a radio receiver with head- 
phones provided for each member of the audience. Each 
receiver has four channels, one for each language and 
the transmissions are made simultaneously. For this 
purpose an aerial has been built into the roof of the 
Theatre—again a unique feature. 


OPERATION LECTURE THEATRE 


1957-1958 Sir George Edwards, President. 
Original plan considered and Messrs, Ley, Colbeck 
and Partners, architects, appointed. 


1958-1959 Sir Arnold Hall, President. 
January 1959—Plan revised. 
4th May 1959—Appeal launched—target £150,000. 


1959-1960 Mr. Peter G. Masefield, President. 

24th September 1959—Contract awarded to Messrs, 
Holland & Hannen and Cubitts. 

5th October—Work started. 

29th November—Excavations finished. 

25th January—Brick work for the Lecture Theatre 
started. 

14th March—New revolving doors for the front 
entrance. 

26th March—Lifting of the main steel beams, each 
weighing 24+ tons, for the roof of the Lecture 
Theatre. 

4th April—The new fifth floor started. 

8th April—Laying of roof units to Lecture Theatre. 


1960-1961 Dr. E. S. Moult, President. 

29th June 1960—New roof on the fifth floor and the 
caretaker’s flat on the fourth floor completed. 

30th July—New dome in the Hall. 

25th September—Fifth floor finished. 

6th of the Lecture Theatre com- 
pleted. 

14th October—Projection equipment installed. 

23rd October—Seats in Lecture Theatre. 

2nd December 1960—Opening Ceremony. 


Around the walls above the panelling are displayed 
the coats-of-arms of the Towns, Cities and Establish- 
ments associated with the Branches of the Society. We 


spent some time discussing whether, to avoid heartbum,| 
the Branch Shields should be arranged alphabetically o 


in sequence of their foundation. What we have don 
finally will become apparent to anyone who cares 10 
cross the floor the necessary 29 times! On the back 
wall of the Theatre are the coats-of-arms of th 


Commonwealth countries in which there are Division! 
together with their Branches. On the side panelling art) 


being hung the portraits of Past Presidents. Ou 
collection is not yet complete, but this is being rectified 

This new Lecture Theatre is not only an importa! 
addition to the premises at Hamilton Place: it i 
subscribed for by you all and it is for use by you all 
occasion arises. The curtains can be drawn across the 
platform which then becomes a small but usefll 
Committee Room. The seating on which you sit is 
detachable and when removed makes the Hall suitable 
for Dinner or, in lighter mood, a Dance. The roof has 
been re-inforced so that it becomes a Promenade over: 
looking the Park: in fact, it is at present fitted with 
Marquee in which very shortly you may partake 
refreshment. 

Within the prescribed limitation of space and height. 
we have endeavoured to make the Hall as useful and 
versatile as it can be. 

‘ The list of contributors is much too long 
enumerate tonight. We have gifts in cash and ih kind, 
some most interesting ones yet to come. These al 
demonstrate the high regard in which the Society is hell 
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and confirm a faith in the future of aeronautics. We, 
the Council, are grateful to all who have helped— 
Members, Friends, the Press, the Branches, the 
Divisions, Sister Institutions and, most importantly and 
most generously, the Industry. 

Tonight is the first occasion of the use of this new 
Theatre: there will be many subsequent occasions 
stretching through the years justifying the forethought 
and foresight of the Council and of the Immediate 
Past-Presidents. 


I said at the beginning of my talk that I would 
demonstrate the use of the facilities provided. During 
my talk you have seen various still projections from 
various sizes of slide. We are indebted to Mr. A. S. C. 
Lumsden of the staff for many of the colour snaps and 
you will agree he has done a good job. But you have 
not yet seen the ciné in use and so I propose to show a 
short film. This will demonstrate the capabilities of the 
machine, illustrate something of what has been going on 
and, incidentally, give me a rest. 


PROJECTION 


The facilities for the Lecture Theatre were considered 
from the beginning when Dr. Ballantyne’s schemes first 
became available in the Autumn of 1958. It was hoped that 
many of the difficulties which had been experienced in the 


_ past during lectures could be overcome and, in addition, the 


Society obviously wished to provide lecturers and discussers 


| with the best possible facilities. The following description, 


which is mainly concerned with the projection facilities, is 
intended to provide some idea of the basis of selection, the 
use and purpose of the apparatus, rather than to provide 
the complete technical specification. 


1. CONCEPT 

Although the main purpose of the Lecture Theatre is 
for lectures and meetings, the possibility of it being used 
for social events and exhibition purposes had to be borne 
in mind. These conflicting requirements, together with the 
limitations of the site, governed the design of the theatre 
and resulted in a rather wide hall with no elevation of seats 
from front to back. These two features are not ideal for 
the projection of visual material and they have had to be 


' overcome both in the detail design of the theatre and to 


some extent in the way in which the projection equipment 
was selected or designed. 

To achieve a sense of unity between the Lecturer and 
audience, and between the platform party and the audience, 
the use of a proscenium arch, which appeared in the 
architects’ original plans shown in the Appeal Brochure of 
1959, was discarded and the Lecturer was brought forward 
of the proscenium sides. Also, in many lecture theatres the 
platform party has difficulty in seeing the screen and to 
overcome this it was decided that after the initial ritual of 
introduction of a meeting was over the platform party 
should move to the body of the hall. A rostrum opposite to 
that of the Lecturer enables the Chairman of a meeting to 
conduct the discussion and see any additional visual 
material. The idea of paying some attention to the needs 
of the platform party is somewhat novel. It is justified by 
the general increase in comfort through a more clearly 
defined stage management of the movements of the 
platform party. 

The Society was fortunate to have chosen to build its 
Theatre at a time when great advances in visual and audio 
aids had just taken place. Their further development has 
been anticipated and a certain degree of flexibility pro- 
vided. It is possible to use a wide range of apparatus both 
in the Theatre, in the Projection Room and at points 
throughout 4 Hamilton Place. 


2. AUDIO AIDS 

The fitting of a sound reinforcement system in a hall 
which already exists is difficult, but to design a system for 
a hall which only exists on paper is probably even more 
difficult. Experience is the only true guide and the sound 
reinforcement system was sub-contracted to one of the most 
experienced Companies in the country, Tannoy Ltd. The 


FACILITIES 


Society laid down to its architects a basic specification 
phrased in such terms as 

“the Lecturer and Platform Party shall be easily 

audible to everyone in the Theatre,” 

“the discusser may rise from wherever he may be 

sitting in the Theatre and talk from where he is 

standing,” 

“the Lecturer will also turn to the screen and wish to 

indicate points on the screen and while doing so, speak 

in the direction in which he is pointing and while he is 
turning,” 

“ these requirements must be satisfied with the minimum 

or no encumbrances to the Lecturer in the way of 

attachments to his person of boxes, wires, etc.” 

The last point was felt to be particularly important. 
Although there are undoubtedly good systems which 
require the use of throat microphones and microphones 
attached round the neck, they have a sad history among 
those who forget to detach them before leaving the stage! 

It was hoped that Tannoy would devise a system so that 
if one were to ask a member of the audience what he 
thought of the acoustics of the Theatre he would be able 
to reply to the effect that he was not aware of them. It may 
be some time after the opening of the Theatre before such 
perfection is achieved for electro-acoustics is still much of 
an art and amendments to the initial arrangements are 
often necessary. 


3. TRANSLATION SERVICES 

It was decided that basic provision for meetings in more 
than one language should be built into the Theatre. In view 
of what has already been said concerning attachments to 
the person it is obviously most desirable that a service 
should be provided through a system which does not con- 
nect Lecturer, platform party and audience to their seats. 
Experience of a number of meetings has justified faith in 
the wireless translation system and an appropriate aerial 
has been built into the new 
Theatre terminating in the 
Projection Room, where 
the necessary transmitters 
can be installed. Provision 
has been made in the Re- 
wind Room for a large 
glass window behind which 
three translators can be 
seated in soundproofed 
cubicles, each having his 
own headphones and 
microphones. 

The hall is thus equip- 
ped to deal with a four 
language meeting and additional languages could be inclu- 
ded if the need arose. Briefly, the translators hear over their 
headphones whatever is being said in the hall. They 
translate this simultaneously into different languages each 
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of which is transmitted on a separate wavelength over a low 
powered radio system. Each member of the audience wears 
a small receiver (Fig. 1) with which he can select any one 
of the languages being used and the translation is heard 
over the headphones attached to the receiver. The system 
has proved effective at many meetings and leaves members 
of the audience free of attachments should they wish to 
stand up or proceed to the stage. 


4. SCREENS 


The flat floor of the Lecture Theatre required that the 
picture on the screen should be set as high as possible so 
that the overall depth should be such that it could be 
viewed comfortaby from the rearmost seats. The screens 
also had to be positioned where they would not be 
obstructed by platform furniture and where they would 
present a tidy appearance to the stage whether or not they 
were being used. It was decided that the screens should be 
mechanised and drop in front of the platform furniture 
after the departure of the Platform Party. The relatively 
low aspect ratio of the hall required that the screen should 
have a matt surface for, while a better light reflection can 
be achieved with screens of directional characteristics, the 
fact that members of the audience sit close to the screen 
and to the side obviates their use. After further consider- 
ation it was decided that two screens should be used; one 
for showing slides, which are themselves accurately framed 
and present a clean edge, and the second a screen accurately 
masked to the frame of the ciné-projection. If the ciné- 
screen is not masked in this way considerable irritation can 
occur from the viewing of the ragged edge of the picture: 
additionally with films of some artistic merit, a sharp edge 
provides an apparent greater depth of focus to the picture 
being shown. 

Picture size was dictated by several aspects. The upper 
limit to the size of the picture was determined by the view 
which those at the back of the Theatre could obtain and by 
the difficulty of viewing a large picture from the front seats; 
(in order to accommodate the maximum number of people 
in the hall the front seats are only about 9 ft. from the 
screen itself). The lower limit on the size of the screen 
was dictated again by the view from the back of the hall; 
lettering 1/20th the height of a 
slide is about the minimum that 
one could reasonably expect to 
see from this position. Bearing 
these considerations in mind, 
and the recommendations of 
British Standard Code of Prac- 
tice CP.412 (1953) “ Installation 
of Optical Projection Equipment 
in Educational Establishments,” 
it was decided at an early stage 
that the optimum picture depth 
would be 8 ft. with a width up 
to 10 ft. 6 in. in the ciné and 35 
millimetre formats. The screen 
unit manufactured by the Per- 
forated Front Projection Screen 
Co. Ltd., comprises two 12 ft. x 
12 ft. overall screens on steel 
rollers driven by electric motors 
controlled from the Projection 
Room. 


FicurE 2. The Projection Room 

with, on the left, the 16 mm. 

Xenon AEI 451-X film projector 

and in the background the slide 
projector. 


5. PROJECTION ROOM 


The use of the term “ Projection Room” to describe 
the area behind the rear wall of the Society’s new Theatre 
is perhaps misleading. In addition to housing slide ang 
ciné-projectors, and shielding the audience from the noise 
which this apparatus inevitably makes, this area has many 
other functions. It houses the amplifier racks for the sound 
reinforcement system, the tape-recorders, the rectifier and 
the controls with which lights in the Theatre can be 
adjusted, screens lowered and microphones throughout the 
hall switched. Good visibility from the box into the hall 
is most necessary and it was desirable that the whole lay. 
out should be flexible so that a variety of equipment can be 
used as the need develops over the years ahead. One must 


anticipate that, from time to time, 35 millimetre ciné. | 


projectors and also television projectors may need to be 
housed and used. 
The requirements of visibility into the Theatre, of 


acoustic shielding and the use of a range of apparatus would | 


have meant a great variety of assorted projection ports and 
viewing panels over a large portion of the rear wall of the 


Theatre. This would not have been particularly appealing | 


to the eye, nor would it have provided complete flexibility 
for a wide range of apparatus. The ideal was to provide 


a fairly large window behind which could be mounted a | 


number of different projectors, as required, and through 
which the projectionist could easily observe the happenings 
in the Theatre for light dimming, projection and sound 
reinforcement purposes. This decision was not accepted 
by projection experts with the greatest enthusiasm! By 
using a large window there would obviously be difficulties 


in preventing light and noise from reaching the audience, | 


Eventually, however, a Company (T. and W. Farmiloe Ltd) 
was found which would supply a sealed sandwich of high 
quality plate glass some 10 ft. 6 in. long by 2 ft. deep. The 
air in this sandwich provides the necessary acoustic 
insulation and, as it is hermetically sealed, only the outside 
surfaces require cleaning in the normal way. A similar, 
but smaller, window was supplied for the rewind 
room/translators’ room. Undue transmission of light into 
the auditorium had still to be overcome and this was 
accomplished by shuttering with Venetian blinds those parts 
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of the window which are not in use, keeping the decorative 
tone of the Projection Room low and using small shielded 
lamps at each point where light is required for operational 
purposes. It is now generally agreed that the use of this 
window is well suited to the Society’s requirements. 

The projectionist can hear through a monitor system 
everything which is said in the hall, but there is also a 
telephone link between the Projection Room and the stage. 

In general, the room at the back of the Theatre might 
best be thought of as the centre for all the apparatus which 
will be used. 


6. PROJECTION APPARATUS 

The size of the screens was dictated by the conditions 
described in Section 4. There still remained the problem of 
projecting clear, well illuminated pictures to an area of 
some 84 sq. ft. from film and slide originals which may be 
of variable quality. 

For film projection the intensity required may be 
estimated from the recommendation of British Standards 
1404 (1953) and 2954 (1958), Screen Luminance for the 
Projection of 35 mm and 16 mm film, respectively. For 
16 millimetre film the British Standard calls for a 
luminance at the centre of not less than 8 ft. lamberts and 
Below the lower intensity 
films of average density will provide a poorly lit picture and 
above the upper intensity flicker and grain can become 
objectionable. The 84 sq. ft. picture on a screen with a 
screen reflectivity of about 0-8 needs to be illuminated with 
an output of between 840 and 1,680 lumens if the require- 
ments of this Standard are to be met. Now the British 


| Standards relate to films of average density and B.S.1404 


notes that a better artistic effect can be obtained by the use 
of films of greater than average density, together with a 
higher level of illumination. Beyond this, so far as the 
Society is concerned, for both ciné and slide projection, one 
must anticipate the presentation of films and slides which 
cannot always be made under ideal photographic conditions 
and which may be rather dense. Obviously an intense 


but variable source of illumination of at least 1,000 
lumens is required for ciné-projection and possibly several 
times this amount of the projection of dense colour slides. 


The requirement to vary the intensity is governed by the 
fact that a range of densities of original material must be 
anticipated. 

There are three light sources generally used in 
projection apparatus. The most common for non- 
professional use is a high powered tungsten bulb. This is 
convenient to operate and is relatively cheap to replace, but 
even in the best ciné-projector running with an open gate it 
rarely provides an output in excess of 300 lumens, although 
there are some specialised and expensive machines which 
will deliver 600 lumens, Ciné equipment using this light 
source is generally of the transportable type and is ideal 
for projection to small classes where a screen size of about 
6 ft. x 4 ft. 6 in. is adequate, but at the size of the Society’s 
new screens they fall short of meeting the minimum of the 
British Standard recommendation. A second possible light 
source is carbon arc and this is in common use for 
professional film and some slide projection. It is certainly 
of a high intensity but it is not easily operated to produce a 
stable intensity or colour and requires the extraction of 
fumes from the arc. Discharge light sources are also of 
high intensity and do not have the difficulties of constant 
level of light and fume extraction which are associated with 
carbon arc. 

Tungsten as a light source was ruled out since it does 
not provide a sufficient intensity of illumination for our 
purpose, and the choice was between carbon arc and 
discharge lighting in the form of the Xenon arc. The 
greater simplicity of operation of the latter form of lighting 
triumphed and it was decided that all the projection would 
be based on the Xenon bulb. Like carbon arc this form of 
lighting requires a high current d.c. supply of relatively low 
voltage and the use of a rectifier became necessary. (The 
cost of carbons and electricity is about the same as the cost 
of the Xenon bulb and the current to operate it.) 

Remembering the desirability of being able to vary the 
intensity of light a rectifier of suitably variable output was 
chosen and a Westinghouse Type HI 85 metal rectifier 
together with control units was installed to serve either the 
16 millimetre ciné-projector or the slide projector, as re- 
quired. Of several 16 millimetre Xenon film projectors one, 
the AEI 451X, was selected and provides projection of silent 
and sound film with optical or 
magnetic tracks and also incor- 
porates recording facilities for 
magnetic tracks without extra 
attachments. This machine pro- 
vides an illumination of up to 
2,000 lumens. A special stand 
was developed to allow its opera- 
tion remote from the rectifier 
and control units. 

A wide range of slide pro- 
jectors was considered. Most of 
these were powered by tungsten 
lamps, but the best of them fell 


short of providing the intensity 
which it was felt should be avail- 
able for the projection of dense 
colour slides. Discussions with 
the National Physical Labora- 
tory suggested that at least 20 ft. 


The Premier Xenon 
developed by 


FIGURE 3. 
Slide Projector, 


Robert Rigby Ltd., in association 
with AEI Sound Equipment Ltd., 
incorporating the AEI Type LX 
Xenon Lantern, and the specially 
designed base in which are incor- 
porated the control units which 
slide 


the ciné and 
projectors. 
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lamberts should be required from the screen for this pur- 
pose and that the possibility of exceeding this intensity at 
will was highly desirable. Apart from carbon arc projec- 
tors, no projector existed wnich would supply a luminance 
of at least 3,000 lumens. There was a great interest both 
from the Society and the N.P.L. to see developed a Xenon 
powered slide projector of this high intensity. 

Two possible systems were put forward to us and, after 
investigation, work was put in hand through Associated 
Electrical Industries Ltd., co-operating with Robert Rigby 
Ltd. to produce a Xenon powered slide projector. A 
completely undeveloped machine was not of course to be 
provided. Two important parts, the light source and 
projection assemblies, were to be based upon existing 
proven equipment. The light source used is the AEI Type 
LX Xenon Lantern as used in 35 mm. projectors in com- 
mercial cinemas, and the projection system is essentially 
that used on Rigby’s Premier carbon arc projectors. The 
main development has been in the removal of heat from 
the light beam between the lamp house and slide and this 
is done by banks of Chase heat filters which are air cooled, 
by a diachroic filter which is also air cooled and by blowing 
air onto the slide itself. The final machine, on test, has 
shown that it will provide an intensity of light of over 
4,000 lumens on 35 millimetre sizes and over 5,000 lumens 
on the standard British size slide. This intensty is variable 
on the rectifier control for fine adjustments and for very 
low density slides can be adjusted coarsely by introducing 
metallic gauzes. 

The result of much work and consultation between the 
Society and the AEI/Rigby team has been the projector 
shown in Fig. 3. It is the first high powered projector of 
its type to be used in any Lecture Theatre and is, in fact, 
the first British-built Xenon slide machine, It is fortunate 
that the Projection Room is large enough to house its 
6 ft. 9 in. of length. Incorporated at the projection end are 
slide carrier-condenser-lens systems, mounted on a 
quadrant, so that changes from standard British slides or 
American slides, to 35 millimetre slides either way up can 
be undertaken very quickly and always provide a picture 
which is approximately 8 ft. deep. The feature of being 
able to project 35 millimetre slides in the vertical direction 
while still maintaining the 8 ft. depth on the screen over- 
comes the annoyance of losing an important part of the 
picture below the bottom of the screen. 

The same rectifier is used for ciné-projection and for 
slide projection. The necessary change-over switching and 
intensity controls are incorporated in the base of the slide 
projector as it is on this machine where they are mainly 
required, although they do in fact operate either machine. 


7. AUXILIARY APPARATUS 

A certain amount of auxiliary apparatus has been 
incorporated in the Lecturer’s rostrum, the Chairman’s 
rostrum and in the Projection Room. Signalling from the 
Lecturer is accomplished by means of a conventional 
button system operating buzzer and flags in the projection 
room. If necessary, verbal instructions can be given by the 
Lecturer to the projectionist in the normal way since the 
projectionist is continuously monitoring the sound rein- 
forcement system. Should the projectionist wish to talk to 
the Lecturer he has a telephone line to the stage. Full 


facilities are incorporated, again in conjunction with th 
sound reinforcement system, for the recording of everything 
which is heard over that system. Two Grundig tapp. 
recorders, covering 17, 3} and 74 inches per second ta 
speeds are installed and can be used to play into the public 
address system; there is, in fact, a whole range of possible 
combinations of the apparatus which is available. The 
Lecturer is provided with an electrical pointer for use og 
the screen. Film editing equipment is installed in the 
projection room and includes an editing bench with film 
wells, twin rewinders, two-way synchroniser, waxer and 
16 mm. viewer. 


8. CAPACITY 


The Society now has a Theatre which seats 310 people, | 


What may not be appreciated is that something of the 
order of 800 people can be accommodated at 4 Hamilton 
Place for one Meeting. This is accomplished by built-in 
overflow facilities in the Foyer, the Council Room and the 
Library and these can be extended to other rooms if 


necessary. The built-in facilities include loud speaker; | 


from the sound reinforcement system and also coaxial 
points for closed circuit television services if these are in 
operation. A further outlet from this circuit is placed ata 
convenient point for the signal to be fed into National and 
International networks, should this be required on any 
occasion in the future. 

The Society’s members may feel that they have a 
facility for Meetings which is unparalleled by any other 
professional Institution and which in some respects is in 
advance of lecture theatres all over the world. These 
facilities have been provided to make the very best use of 
lecturers’ material. For example, the high intensity projec. 
tion facilities can provide a reasonable result from dens 
slides and films and enables televising of them direct from 
the screen. It is to be hoped, however, that users will not 
rely upon the apparatus to rectify faults in their material 
but will use it to enhance the level of their presentation. 
This can be done by Lecturers and those taking part in 
discussions acquainting themselves with what is available 
and its use. To this end special leaflets will be available to 
advise lecturers and others on the preparation of their 
visual aid material.—a.J.B. 
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The Helicopter Association of Great Britain 


BY 


J. W. RICHARDSON 


Early History 


It is reasonable to date the prehistory of the Helicopter 
Association from the arrival in this country of Juan de la 
Cierva in 1925, at the invitation of James Weir and 
his Associates. 

The helicopter idea had intrigued designers from the 
earliest days of aeronautical experiment but, so far, often 
to their detriment and the derision of their contemporaries. 
Cierva had been first in translating the theory of auto- 
rotation into practical terms and had proved that both 
stability and control in flight could be achieved regardless 
of forward air speed. The freely rotating rotor system of the 
Cierva Autogiro and other early gyroplanes, such as those 
of Kay and Hafner, provided the missing link which all had 
been seeking and from this point development proceeded 
by logical rapid sequence to the flight of the first potentially 
safe and controllable helicopter in Germany in 1937. 

To many people the ability to fly slowly and to take-off 


| orland at any selected point, and so to be able to complete 


their entire journeys without change of vehicle, seemed 
more important than speed alone with those dangers and 
restrictions which it had so far implied. Their dream now 
appeared about to be realised and when in 1932 a 
specialised Autogiro Flying School was formed at 
Hanworth, Middlesex, this immediately attracted such 
persons and a group of rotary wing devotees became 
established. These formed the habit of meeting, together 
with those technically concerned in these developments, 
informally, from time to time. 

The outbreak of the Second World War scattered these 
enthusiasts and the pressure of events in Great Britain left 
allied work in this field almost entirely to the Americans, 
whose progress had hitherto run roughly parallel to that on 
this side of the Atlantic. However, a few of our original 
pioneers were attached to the British Air Commission in 
the U.S.A. to enable them to participate in the extensive 
development resulting from Naval and Military interest. 

Early in the war R. A. C. Brie was given the task of 
forming No. 1448 Radar Calibration Flight, R.A.F., 
equipped with Autogiros, and this in due course became 
529 Rota Squadron, commanded throughout its existence by 
Alan Marsh, which drew most of its original pilots from 
among those who had trained at Hanworth. It is not widely 
known that this Unit at one time contained seventeen C.30 
Autogiros, vintage 1935 (by the end of which year over a 
hundred of the type had been built and sold). 

In 1943 the American Helicopter Society was formed, 
there being two British Founder Members of that body, 
J. A. J. Bennett and R. A. C. Brie. Towards the end of 
1943 and early in 1944 British pilots were sent to America 
to attend helicopter conversion courses at the Sikorsky 
Works at Bridgeport and at Floyd Bennett Field where the 
first Helicopter School was in process of joint formation 
with the U.S. Coast Guard. No. 529 Squadron nominated 
the R.A.F. representatives on these courses and, on their 
teturn, this Unit became the parent of a Helicopter 
Training Flight (R.A.F.) at Andover and, with the Royal 
Navy, of the Helicopter Experimental Flight (M.A.P.) at 
Hanworth and, later, at Beaulieu. 

It was now clear that the helicopter had come to stay 
and those pilots who had returned from the U.S.A., where 
they had been guests at meetings of the American Society, 
Were convinced that there was a need to form a similar 
Organisation here to provide a focal point for discussion 
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and the exchange of ideas by the increasing number of 
persons now becoming engaged in the rotary-wing field. 
On 10th July 1945, a Meeting took place among 

members of 529 Squadron which included a number of 
those who had participated in the informal gatherings of 
the pre-war Autogiro days. All agreed that the time had 
come for an association to be formed and on 3rd September 
of that year the first Memorandum and Articles of the 
Helicopter Association of Great Britain were signed. On 
27th December 1945, the Association was formally 
registered as a non-profit making Company, limited by 
Guarantee, in the names of :— 

Squadron Leader H. A. Marsh, A.F.C. 

Wing Commander R. A. C. Brie, A.F.R.AeS., 

A.F.LAS. 

Flight Lieutenant N. J. G. Hill, A.M.I.Mech.E. 

Flight Lieutenant J. E. Harper, A.F.C. 

Flight Lieutenant G. C. Turner, A.F.C. 

Flight Lieutenant M. S. P. Houdret. 

Squadron Leader F. J. Cable, A.F.C. 

Squadron Leader B. H. Arkell. 


The Aims and Objects of the Association, as set forth 
at its foundation, may be condensed as follows: “To bring 
together all those interested in the Art, by the holding of 
Meetings, Lectures and other events and to exchange 
information on all subjects, so as to foster the development 
of the Helicopter in this country.” 

The first General Meeting of the Helicopter Association 
was held on 23rd March 1946 in the Council Room of the 
Society of British Aircraft Constructors when 54 members 
were elected. The original signatories to the Articles of 
Association formed the first Executive Council, with: — 


J. A. J. Bennett, D.Sc., F.R.Ae.S. 
A. Carpmael, A.1L.A.E. 

F. F. Crocombe, B.Sc., F.R.Ae.S. 
C. G. Pullin, M.LA.E., A.F.R.Ae.S. 
H. M. Yeatman, M.A., A.F.R.Ae.S. 


Marsh was elected Chairman, Arkell as Honorary 
Secretary and Turner as Honorary Treasurer. It was also 
agreed that the first hundred members of the Association 
should be described as Founder Members. 

The Association, which had thus been formally 
constituted, preserved many strong links with the earlier 
informal fraternity of Autogiro enthusiasts. Many of its 
founder members had been of that group at Hanworth and 
the oldest of these, J. A. McMullen, had made history in 
1932 by qualifying for the first ab initio Autogiro pilot’s 
“A” licence ever issued, at the remarkable age of 69 and 
had thereafter become owner of a Cierva C.19. Of those 
who worked hardest to get the new organisation running 
smoothly was M. J. B. Stoker, who shared the Hon. 
Secretary’s task with Basil Arkell, taking that over entirely 
from him when the Journal began to take all the latter’s 
spare time. “Max” did most of the work himself until in 
1948 an assistant was found for him, Miss Sheila MacPhee, 
who might be said to have soon become the hub about 
which the Association rotated for many crucial years. 
Indeed this rotational principle is instanced by Max’s 
successor as Hon. Secretary, who had been his immediate 
predecessor as assistant instructor at the Autogiro School, 
of which Reggie Brie had been Flying Manager and the 
Chairman, Alan Marsh, Chief Instructor. Norman Hill, the 
Association’s Deputy Chairman, and Guy Turner, Hon. 
Treasurer, had been early pupils at the Hanworth School. 


the 
thing 
tape. 
ublic 
sSible 
The 
On 
| the 
; 
and 
the | 
iIton 
It-ip 
| the 
s if 
kers 
Xia] 
in 
at a | 
2 | 
any 
a 
ther 
in 
of 
nse 
om 
not 
‘ial | 
On. 
in 
ble 
to 
eit 
m 
nd 
nd 
of 
iT, 
ly 
T, 
y 
| 


52. VOL. 65 JOURNAL OF THE ROYAL AERONAUTICAL SOCIETY JANUARY 15% 


The proper formation of a small Society of this kind 
can be greatly facilitated by the help of persons experienced 
in such matters, and the Association was most fortunate in 
having the advice of E. C. Rogers, Secretary of the Society 
of Licensed Aircraft Engineers. Great encouragement was 
received from the S.L.A.E. and the first important event in 
the life of the Association was a joint meeting with that 
body on 27th April 1946, to hear a Lecture by Raoul Hafner 
on “Developments in Rotating Wing Aircraft.” 

The Association also owed much to its Accountants and 
Auditors, W. B. Keen and Company, who were ever ready 
with more than merely professional guidance, and its first 
“Offices” consisted of a table in one of their rooms in 
Finsbury Circus House. In 1948 the Royal Aero Club very 
kindly made a “real” Office available in Londonderry 
House. In due course this became too small, and in 1954 
through the good will of Eric Mensforth and John Brown 
and Company Limited, more adequate accommodation was 
provided at 4 The Sanctuary, Westminster. 

Not all the early Meetings of the Association took place 
in London. On 15th January 1947, a mainly historical 
Lecture was given at Christchurch, and this was followed 
by Lectures elsewhere, these being generally to non-member 
audiences and of an introductory nature. 

An early landmark on the Association’s road to 
recognition was a Meeting at the House of Commons by 
invitation to some of its Council Members, when helicopter 
developments were discussed and a film was shown. This 
Meeting was held on 29th January 1947, and the informal 
record states ... “the Chairman of British European 
Airways Corporation was present and he brought along one 
of his technical advisers, Mr. N. E. Rowe.” 

During 1947-48 the Association, although small, became 
established on a firm basis with the financial support of 
those British Companies giving serious attention to the 
development of Helicopters. During this period meetings 
were held in the Lecture Hall at Manson House for the use 
of which the Association was indebted to the School of 
Tropical Medicine. 

Even before its formation, when the Association was 
still largely an idea in the minds of a few persons, it had 
been thought essential to obtain the interest and, if possible, 
the blessing of the Royal Aeronautical Society. Accordingly 
the Society’s Secretary, Laurence Pritchard, was unofficially 
informed of the project. At that time the formation took 
place of another organisation, having somewhat broader 
but similar objects to those of the Association, and it was 
indicated that the Society would prefer to await events. The 
attitude of the Royal Aeronautical Society was, however, 
benevolent and this relationship became openly acknow- 
ledged when from 25th September 1948, onwards, the 
Society permitted the Association to make use of the 
Library at 4 Hamilton Place for its Lectures. Formal 
recognition of the status achieved by the new body was 
given when on 25th November of the same year the Society 
held a joint meeting with the Association in the Hall of 
the Institution of Civil Engineers for a full day discussion 
on Helicopter problems. 

During these early days successful efforts were made to 
bring the Association into friendly contact with its 
American counterpart, largely for the exchange of informa- 
tion. There were even some suggestions for affiliation with 
that organisation, but it became clear that the development 
of these two bodies was proceeding upon very different lines 
and so this idea was never pursued. Most Council 
Members felt that matters were progressing well as they 
were and that the Association should remain fully indepen- 
dent at the then existing stage of its development. 


The Association was thus rapidly built up into a smaj 
but active body, healthy and vociferous, but acknowledges 
as being fully and uniquely informed upon its subjeg 
While this position was gained because of the professing) 
status of its leading members, it was maintained by the har 
and enthusiastic voluntary work of those who could spay 
the time for its affairs, and above all, by the high standar 
of its lectures. 

Lecture programmes were meticulously balanced ag ty 
range of subject so as to present the views of each elemen 
of the Association’s membership. Critical comment wa 
encouraged, particularly from the angle of the practic) 
operator. Lecture Meetings were on average remarkably 
well attended considering the small size of the Association, 
the location of nearly all its lectures in London, and the 
location of nearly all its members elsewhere. (A full lis 
of Lectures is given in Appendix B.) 


The Journal 


As a means of keeping its members informed of jt 
activities, the Association had inaugurated a Bulletin, which 
first appeared in August 1946 and which had two further 
issues in October and March following. In the latter pan 
of 1947 this Bulletin became the “Journal of the 
Helicopter Association of Great Britain” under which title 


it remained during the life of the Association. For some 
while thereafter a less formal news sheet was also circulated | 
among members but this was eventually discontinued. The 
Journal, which published all lectures in full with full 
verbatim reports of discussions, was a registered publication 
issued free to members but purchasable by non-members, 
and its eventual circulation, although never a large one, 
was world wide. The high technical level maintained was 
due first to the efforts of successive Chairmen of the 
Lecture Committee and to the work of the Honorary 
Editors and Technical Editors, these last performing labours 
of a back room nature for which they have never been 
adequately thanked; moreover the Council was fortunate to 
have found, in J. M. Pilton, an experienced publisher with 
a great personal enthusiasm for its cause. Thus, backed by 
solid support from the Industry it was possible to achieve a 
measure of success with this small publication which was 
undoubtedly a major factor in building up the prestige of 
the Association. 


Presidents 


In 1948 James Weir accepted the invitation of the 
Council to become the Association’s first President. In the 
Council’s view the time had arrived for the institution of 
this office, and there could be no person better qualified to 
fill it. Weir’s sponsorship of Juan de la Cierva had been 
instrumental in establishing the first practical development 
of rotary wing flight. It was due to him that the first 
successful Autogiros and, later, the first British helicopter 
to show real promise, were built and flown. He had 
enthusiastically encouraged and materially supported the 
foundation of the Association. 

Weir took office in 1949 and in 1952 he was succeeded 
by Eric Mensforth, who was followed by Lord Douglas of 
Kirtleside (1955) and then by Lord Brabazon of Tara 
(1956). In 1958 Lord Brabazon relinquished the Chair 


owing to illness, and Mensforth returned to guide the , 


Association during the critical period of negotiation priot 
to merger with the Society. The last President, N. E. Rowe, 
was very aptly a Past President of the Society, and one of 
those who had been most sincerely persuaded as to the 
need to bring the Association’s activities within the wider 
and more powerful scope of the Society. There can be n0 


doubt 
guidan 


The 
Th 
jn con 
Cierva 
was el 
of its 
anony 
Comn 
offere 
nature 
being 
of a F 
was a 
full 
Fc 
the S 
awar¢ 
Mem: 


Hon 

Tl 
accor 
provi 
1947 
the p 
and t 
Tecog 
to th 
electe 
them 
alrea 


| 
| 
The 
loss 
| H. J. 
deve 
large 
the | 
| Men 
rotal 
still 
Alar 
deep 
an i 
him 
men 
lead 
into 
Mer 
and 
Tru: 
Mec 
| the 
exce 
fielc 
Con 
Sec 
the 
give 
lem 
imr 
200 


THE HELICOPTER ASSOCIATION OF GREAT BRITAIN 53 


W. RICHARDSON 


doubt that the Association owed a great debt to the wise 
guidance and firm leadership of its Presidents. 


The Cierva Memorial Prize 

The Association in 1946/47 instituted a Memorial Prize 
in commemoration of the great pioneer work of Juan de la 
Cierva in the field of rotary wing flight. The Association 
was enabled to institute this Prize by the generosity of one 
of its benefactors who then expressed the wish to remain 


} anonymous but who can now be identified as Wing 


Commander A. Graham Douglas. The Prize has been 
offered annually for an Essay or Paper of a technical 
nature On some aspect of rotating wing flight, the awards 
being made by the Council of the Association on the advice 
of a Panel of Examiners. The Royal Aeronautical Society 
was asked to assist in advertising the Competition and their 
full co-operation was received. (Appendix A.) 

Following upon the merger of the Association within 
the Society, the Cierva Memorial Prize will no longer be 
awarded but, to commemorate the name, a “Cierva 
Memorial Lecture ” is to be instituted. 


Honorary Membership 

The Association’s Rules empowered the Council to 
accord the title of Honorary in the Grade of Member 
provided that the total did not at any time exceed ten. In 
1947 Juan de la Cierva, Junior, was so elected in tribute to 
the pioneer work of his father. Cierva, Junior, died in 1953 
and thereafter it was decided to employ this distinction in 
recognition of services to Rotary Wing development and/or 
to the Association. Seven other Honorary Members were 
elected during the remaining life of the Association, among 
them Igor Sikorsky who was the only person who was not 
already a Member. (See Appendix A.) 


The Alan Marsh Memorial 


On 13th June 1950, the Association suffered a severe 
loss when its Chairman, Alan Marsh, and F. J. Cable and 
H. J. Unsworth were killed in the accident which ended the 
development of the Cierva “ Air Horse,” at that date the 
largest helicopter built in the United Kingdom, and among 
the largest in the world. Cable, a Founder and Council 
Member of the Association, had done much valuable 
rotary wing test flying during and after the War, and he was 
still a young man for whom great things were predicted. 
Alan Marsh was a man of unusual quality. His long and 
deep experience as a rotary wing test pilot had earned him 
an international reputation and his personality had gained 
him the sincere respect and affection of all the early 
members of the Association, of whom he was the accepted 
leader, whose driving force had brought the Association 
into being, and to such early recognition. 

In 1955 the Association founded the Alan Marsh 
Memorial Trust Fund for the advancement of education 
and encouragement of the science of helicopter flight. The 
Trust instituted two annual awards, the silver Alan Marsh 
Medal for outstanding helicopter pilotage achievement, and 
the Alan Marsh Award to a student who had shown 
exceptional ability in technical study in the rotary wing 
field. These awards will in future be made by the Awards 
Committee of the Society, on the advice of the Rotorcraft 
Section Committee. 

The Alan Marsh Award up to the present time has taken 
the form of a short course in helicopter pilotage, aimed to 
give the winning student some practical insight into prob- 
lems of which he might otherwise be unable to gain any 
immediate experience. This has been made possible by the 
good offices of Air Service Training and, later, of British 


European Airways. Although the amount of flying which 
can be given is severely limited by the funds available, it 
is expected that this annual Award (to the value of £100) 
can be continued in such a form for so long as it is 
deemed useful. 

The object of the Alan Marsh Medal is to distinguish 
an individual helicopter pilot whose achievement is regarded 
as having made an outstanding contribution to the art. 
Selection was made by the Council of the Association on 
citations put forward by Members and the Medal has been 
awarded on three occasions only. It is the earnest hope of 
all former Members of the Association that the award of 
the Alan Marsh Medal will long continue to distinguish 
those of the same calibre as the man whose memory it was 
designed to perpetuate. 


The Annual Dinner 

The Founder Members had many happy memories of 
pre-war gatherings of the faithful and it was decided that 
these must be revived. On 22nd March 1947 the first 
Dinner of the Association was held at the Old Red House 
in Bishopsgate in the City of London, attended by some 
75 Members and guests. This Dinner has been repeated 
yearly, moving via Londonderry House to The Dorchester, 
and increasing as to the number of those present to the 
figure of well above four hundred. The date of the Dinner 
was also changed at an early stage to become a fixed event 
within the week of the Farnborough Air Show. An 
exceptional year was 1950 when it took place after the 
Meeting at Hanworth Park, of which mention is made 
below. It was agreed under the terms of the merger of the 
Association within the Society that the Annual Dinner and 
similar events could be continued, and it is hoped that the 
general character and success of this function will be 
maintained. 


Growth of Membership 


The Table below reflects the build-up of membership. 
The Grade of Graduate was changed to that of Companion 
in 1948 when the Student Grade was also introduced. From 
1952 onwards firms giving financial support to the 
Association were entitled to nominate a non-technical 
representative in the Grade of Companion. Figures are as 
at Ist March each year and, except for 1946 and 1947, are 
from the Annual Reports of the Council. 


we 

EZ az 2 GO & 
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1949 1 83 133 49 — 4 — 8 320 
1951 1 — 2s 
1952 1 1435 — — 19 316 
1953 - 51 17% 35 — 70 19 16 367 
1954 - 48 176 42 — 86 26 26 404 
1955 1 48 185 48 — 105 26 27 440 
1956 2 45 214 45 — 108 31 20 465 
1957 2 43 231 55 — 106 31 16 484 


Special Exhibitions and Demonstrations 


On the occasion of the Battle of Britain Flying Display 
at Beaulieu in September 1949 the Association assisted in 
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organising a demonstration of British helicopters to which 
all its members were invited. In 1951 the Association 
organised a rotary wing section as part of the Static Display 
at the Royal Aero Club’s Jubilee Meeting at Hendon. 
Several interesting historical exhibits were “dug up” by 
members, including the Hafner R.2 helicopter (of 1930) and 
the de Havilland-built Cierva C.24 Autogiro (1932). Several 
helicopters and a C.30 Autogiro (1935) were demonstrated 
(the latter flown by the Association’s Chairman). From 1952 
onwards twice-yearly Lectures, with demonstrations of 
different types of helicopter, were organised by the 
Association at the Police College, Ryton-on-Dunsmore, 
before audiences of Police Officers drawn from all parts of 
the Commonwealth. Exercises were also staged to demon- 
strate the potential uses of helicopters for police work. 


The Garden Party 

On 23rd September 1950, the Association met at 
Hanworth Park where a Helicopter Flying Meeting was 
followed by a lecture and then by a Dinner-Dance. This 
triple event was perhaps the most successful ever staged by 
the Association, the antics of some unpredictable flying 
models providing as much excitement for the more blasé 
helicopter addicts as did their first passenger flights for 
some of those not already initiated. This idea of a Garden 
Party became cherished as a thing to be repeated and in 
1956 this was made possible by the kindness of Charles 
Hughesdon and his wife, who threw open their garden and 
grounds at Dunsborough Park, Ripley, te members of the 
Association, with their families and friends, and also 
provided tea for them; and they have repeated this 
magnificent gesture in each succeeding year. These Heli- 
copter Garden Parties were, from the start, well supported 
with visiting aircraft by the constructors and helicopter 
operators and by the three Services, and this informal 
country house setting with many great trees and none of the 
usual aspects of an airfield provided an atmosphere of 
spontaneity now rarely associated with flying events. 


Other Activities 

Mention has been made of early political activities, but 
probably the Association’s most valuable role, apart from 
its Lectures, was to provide a focal point where officials 
could meet technicians in a friendly atmosphere and discuss 
helicopter problems outside their respective offices. More- 
over the Association’s position as an authoritative body 
received rapid recognition and its opinions were increasingly 
sought, e.g. on the question of revision of the Regulations 
for Pilots’ Licences, so far as these affected Helicopter 
Pilots, which caused the Council to set up a special Pilots’ 
Committee to present the Association’s views to the 
Ministry concerned. 

The Association’s campaign for a Heliport in London 
is an outstanding example of the kind of activity which was 
well suited to its peculiar constitution. In 1956 the Council 
recognised that a definite need existed which no Public 
Authority appeared likely to recognise within the foresee- 
able future. The then President of the Association was 
that champion of progress, Lord Brabazon, whose interest 
was immediately aroused, and a Committee was set the 
task of gathering factual evidence to support the case. The 
findings of this Committee were eventually embodied in a 
Report which received wide circulation and has been much 
quoted. The effect of the campaign was_ twofold. 
Immediately, it concentrated the interest of leading per- 
sonalities in the Industry on this need, which was clearly 
indicated by evidence made available through the early 
work of the Committee. This resulted in a suggestion for 
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concerted action by the Industry itself and a resultay 
serious investigation as to what could be provided quick} 
and reasonably economically. The Association’s Pag 
President, Eric Mensforth, Chairman of Westland Aircraft, 
was an enthusiastic supporter of this project and when, 
most opportunely, a site became avaliable to them, Weg. 
land decided to go ahead alone. This they did with such 
speed that the Westland experimental Heliport had reached 
the stage of practical planning before the Association’; 
Report had left the printers, thus already implementing its 
first recommendation that some interim facility should be 
provided. 

The Committee’s second recommendation was that a 
Governmental Committee should be set up to study the 
requirements and location for a full scale permanent 
Heliport in London and this too has since been met, No 
doubt action would have been taken in time, but helicopter 
development had reached the stage when time could no 
longer be lost, and matters were clearly brought to a head 
by the Association’s action. 


Relations with the Royal Aeronautical Society 

All the broader objects for which the Association was 
founded bore a close similarity to those of the Society in 
its wider field; however, there were many marked 
differences in the structure of the two bodies. 


The requirements for membership of the Association © 


were in some respects different from those of the Society, 


Although for full membership, a scientific background © 


equivalent to B.Sc. standard was required of applicants — 


having only short experience in the rotary wing field, this 
requirement was modified in the case of those having a 
longer direct and practical knowledge of helicopters and 
in particular of their operation and pilotage. Superficially, 
some of these qualifications might appear to be of low 
standard by comparison with those for technical grades in 
the Society, but in the still youthful state of rotary wing 
technique they were not always easily met. The effect was, 
as intended, to bring together all those having real experi- 
ence of the new art and to exclude persons, possibly well 
qualified in other directions, who were _ insufficiently 
conversant with its highly specialised problems. This result 
carried with it the penalty that the field from which 
candidates for full technical membership of the Association 
could be drawn was a small one and, inevitably, its growth 
would be slow. For this reason the Grade of Companion, 
without required qualification other than interest, had been 
introduced. But, the appeal of the Association being largely 
to technical persons, there was never an unduly high 
proportion of applicants for Companion membership. 

As has been seen, the idea of the Association was first 
conceived in the minds of a group of pilots and to them 
had been added the weight and authority of the designers 
and engineers. But the less academically minded of its 
founders, although soon the least numerous, were far from 
becoming submerged. They continued to be well repre- 
sented on the Executive Council, and their voices were 
raised in the animated discussions which followed 
every Lecture. 

That this healthy state must be maintained, and that 
this comparatively infant organisation was possessed of 
valuable freedoms, denied to older and more ponderous 
bodies, were thoughts which the Council kept constantly in 
view, and many members could see no valid reason for 


_abandoning this independent position within the foresee- 


able future. But there were others who prophesied 4 
general and continuing closing of the ranks in the Aviation 
Industry, and these felt that the Association’s real ability 
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to continue as a separate body would be faced by increas- 
ing difficulty, and that at some point its apparent freedom 


"of action would cease to have reality. Thus when proposals 


were first made for a closer linkage with the Society it was 
inevitable that there should be many divergent views and 
that the official discussions, when eventually begun, should 
be protracted and beset with many points of difficulty. The 
Association had been fortunate at its formation in having 
the guidance of Lawrence Wingfield upon legal matters 
and in these new and vital negotiations his knowledge of 
the Association’s structure and background and that of 
the Royal Aeronautical Society proved invaluable to 


both sides. 


Merger Negotiations 

It is clear from the record that the Society had nothing 
but goodwill towards the Association during its early days, 
and that its useful function as an independent body of 
specialists was fully recognised. The possibility that at 
some future date the Society might organise Sections within 
itself specifically identified with particular aspects of 
Aeronautics, and that the Association might perhaps seek 
to become integrated into such a Section, was mentioned 
in correspondence between the respective Presidents in 1950 
and there is evidence that something of the sort had been 
discussed at an even earlier date. 

On 30th April 1953, a meeting took place between the 
Presidents of the Society and of the Association, 
G. H. Dowty and E. Mensforth respectively. J. G. Weir, 


N. Hill and J, W. Richardson also represented the Associa- 


tion. While this meeting confirmed the mutual desire of 
both bodies for a closer working relationship and agreed 


' that ways and means of achieving this ought in due 


course to be considered by their respective Councils, no 
specific form for such a liaison was suggested. Nothing 
more is on record until 21st December 1955, when there 
was an informal talk between N. E. Rowe (President of 
the Society), N. Hill (Vice-President, H.A.G.B.), G. S. 
Hislop (Chairman, H.A.G.B.) and the Secretary of the 
Society. This meeting was held at the request of the 
Society’s representatives who proposed that the Association 
might consider merger with the Society to become one of a 
number of specialist divisions which it was contemplated 
would be formed in the near future. The main reason put 
forward for such a merger was that one united professional 
body was necessary to deal with all matters pertaining to 
aeronautical science and engineering and that such a single 
body would command greater authority and prestige than 
would a number of smaller bodies possibly speaking with 
discordant voices. 

On receiving a report of the above meeting the Council 
of the Association set up a Policy Committee under the 
Chairmanship of G. S. Hislop “to consider possibilities 
of a closer working arrangement with the R.Ae.S. with a 
view to furthering the aims and objects of the Helicopter 
Association.” 

On 31st July 1956, the Committee reported that three 
courses of action appeared to lie before the Association : — 

(1) Merger as a Specialist Division of the Society. 

(2) Affiliation with the Society, preserving so far as 
possible a separate existence and the current form of 
the Association. 

(3) Continuation as an entirely separate body. 

The report detailed the pros and cons of each, but did 

not much favour the third. 

At an informal meeting on 28th September 1956 it was 
confirmed that the Society’s Council had agreed to the for- 
mation of Sections within the Society which would be semi- 
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autonomous, each having its own governing Committee, 
under the overall control of the Council of the Society. A 
Guided Flight Section would be set up immediately, and 
this would form a prototype for others to follow. The 
Society, therefore, now hoped that the Council of the 
Association would consider whether a mutually acceptable 
formula could be found for a merger. It was thought 
possible that the Association’s name could be perpetuated 
by its incorporation in the title of the Society. The Council 
of the Association as existing at the time of merger would 
be accepted as the first governing Committee of the new 
Section, and it would be represented on the Society’s 
Council by its Chairman. The other terms for such a 
merger would be for later agreement, but these would be 
as favourable to the Association’s wishes as they reason- 
ably could be, having regard to the Society’s structure 
under its Royal Charter. 

The Association’s Council was still much divided in 
opinion as to the best course to adopt, but the majority of 
its members felt that the existence of a Helicopter Section 
within the Society would not be compatible with the 
continuation of the Association as a fully independent 
body. It was agreed that negotiations should proceed td 
establish either a sound basis for merger or, alternatively, 
(and many thought preferably) some compromise which 
might possibly result in a full merger at a later period; and 
the Policy Committee was briefed accordingly. 

The Council of the Society had in the meantime set up 
an ad hoc Committee on Sections. Members of this 
Committee met the Association Policy Committee on 
8th January 1957 when it was explained that, since Rules 
for the new Sections were in process of formulation, they 
would welcome the views of the Association, which could 
be very helpful. At this meeting the Association’s repre- 
sentatives suggested that some interim form of affiliation 
might at this stage be preferable to a full merger. 

The Society’s ad hoc Committee and the Association’s 
Policy Committee met again on 18th July 1957 when 
further points were clarified, and it was agreed that, if 
formed, the new Section should be known as the Rotorcraft 
Section, and that nomination to the Section Committee 
should be safeguarded by suitable qualifications. 

At this stage several other proposals were put forward 
and examined by the Association’s Policy Committee in 
detail. These included forms of affiliation designed to lead 
to merger at a later date and also projected modifications 
to the organisation of the Association to permit of its 
continuation as a separate body which would chiefly 
concern itself with the practical and operational aspects of 
helicopter development, leaving purely technical matters to 
be dealt with by the Society. However, on 7th February 
1958, by a majority decision, the Council agreed that all 
such alternatives were unrealistic and that eventual merger 
with the Society was, in principle, the correct course to be 
pursued, From this point matters progressed slowly but 
constructively by discussion between the two Committees. 
Members of the Association were now officially informed 
of the negotiations which were taking place, and those who 
were not already members of the Society were asked to 
supply up-to-date information to enable the problem of 
grading to receive preliminary consideration, it being 
realised that this would in some cases present difficulties 
due to the differences in the requirements of the two bodies. 

On 18th February 1959, after approval by both 
Councils, a conditional Agreement was signed by the 
respective Presidents. This Agreement detailed the terms 
for a transfer of the Association’s activities to a Rotorcraft 
Section to be set up by the Society, such transfer being 
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conditional upon approval of the Agreement by a general 
meeting of members of the Association and upon its formal 
winding up as a private company. The Society on its part 
undertook to take all appropriate steps to secure the 
approval of its members and of Her Majesty’s Privy 
Council to a change of its name by the addition of the 
words “and the Helicopter Association of Great Britain.” 

An Extraordinary General Meeting of the Association 
was called for 10th July 1959, the convening Notice setting 
forth the Council’s reasons for its action and the full terms 
of the conditional Agreement. A circular letter signed by 
the President, President-Elect and the three Past Presidents 
of the Association, was sent to all its voting members, fully 
supporting the proposed merger. The Resolution in favour 
of the merger was carried by the heavy majority of 139 to 
15, and at a re-convened meeting on 8th January 1960, the 
formal winding up of the Association was carried by 133 to 
21, thus completing the operation. 

It seems appropriate to conclude this history by quoting 
the words of the Association’s last President, N. E. Rowe, 
printed in the final issue of its Journal, “ In human affairs a 
point of discontinuity of this kind cannot be passed without 
some hint of sadness but there is cause for the greatest 


_ Satisfaction throughout the Association from the know- 
' ledge of the great work which has been done since its 
- foundation by a handful of pilots in 1945. The new form 


of vehicle, the rotary wing aircraft, has been presented 
continuously with all its problems and its prospects in the 
very best possible way, and we now see it firmly established 
throughout the world. The future is bright, and it is 
appropriate that this now well-established branch of aero- 
nautical engineering should take its proper place in the 
parent Society in this country. This will be a stimulating 
experience for the elder body, and I am quite confident that 
all those members of the Association who have shown 
enthusiasm and energy in the past will continue to support 
the further advance of the science and art of rotary wing 
aircraft within the Royal Aeronautical Society.” 

In view of the hint contained in the above epitaph, it 
seems only fair to direct the attention of members of “ the 
elder body” to the inaugural speech of the Association’s 
first President in which he reminded its members that the 
emblem of that handful of pilots was “ a vigorous and hairy 
goat.” The founder members of the Association are 
confident that the animal is still in good health. 
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Flight Testing of Helicopters .. O’Hara 4 1 . wr Engineers Spaull 6 4 
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Helicopter Maintenance ... Voss 4 2 Flight Testing Experiences (3 
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Some Operational Aspects of Helicopters and the Whaling Industry Bristow 3 
Helicopter Vibration McClements 4 4 Discussion Meeting on the Indepen- 
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The Measurement of Vibration.. Bennett $ | The Independent Operator and the 
Airworthiness in the Presence of Helicopter Rees 7, 2 
Vibration Warde a J Independent Ideas on Helicopters Greensted 7 3 
The Fatigue Problem with Em- Development of an Aerial nemeane 
phasis on the Airworthiness Contract Service ‘ Harper ; ae 
Aspect... ... Williams Helicopters in Malaya Fry 7.3 
Rotor Stations (4 papers Ts): Ground Resonance Howarth and 
Rotor Stations — The Jones 
Operator’s Viewpoint . : Whitby ae Helicopter Research ... O’Hara 7 4 
Sites for Rotor Stations — Some Helicopter Association Brains Trust . 7 @€£ 
Town Planning Considerations Littler > 4 Design of the Drive ... cs ; Norton 8 1 
Rotor Stations — Some Architec- Navigation of Helicopters Davies Ss | 
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Vol. No. 
1955 
Some Applications of Gas Turbines to 
Helicopter Propulsion ... .. Brown 8 3 
Helicopter Production . Boulger 8 3 


The Possibility of the Flight ‘Simula- 
tor as a Aid to 


ter Pilots ‘a ae de Guillench- 
midt and 
Hill 8 4 
The Bristol Type Devel- 
opment and Experiences . Hafner 8 4 
Helicopter Maintenance Willans 9 1 
Problems of Noise in Helicopter 
Design Richards 9 1 


Design, Development, Production and 
Servicing 
Blades Price and 
Stulen 9 2 


1956 
The Control of Helicopter Rotor 
Vibration ... Payne 9 3 
Design of Helicopter Operating Sites Hough - 3 
Application of the Jet ade to — 
copter Rotors... Richards and 
Jones 9 3 
New Type of Helicopter Tip Jet 
Designed to Reduce Noise ... Richards 9 3 
Helicopter Turbine Installations ... Morley 9 4 
Economic Production of Helicopters 
—Future Possibilities ... Harper 9 4 
Engineering Aspects of Helicopter 
Bus Operations in City Centres 
(3 papers): 
General Introduction Shapiro 9 4 
Proposals for a Roof Top ‘Station Wilson 9 4 
Some Proposals for Helicopter 
Approach Aids . Ward 9 4 
Helicopter Operations in the Persian 
Gulf Bristow 10 1 


Aerodynamic Aspects ‘of Helicopter 

Design ; Roberts 10 1 
On the Simple System for 

Automatic Stabilisation for a 


Helicopter in Hovering Flight Willmer 
The Design Study of a Spring Tab 
Rotor System . Banister 10 2 


Strain Genet and Blade Motion Re- 

cording Systems for Helicopters MacMahon 10 3 
Wind Tunnel Development of a 

Tandem-Rotor in Aus- 


tralia i“ Marsh 10 3 
1957 
The Development of the Skeeter Heli- 

copter Nisbet | 


Projects for Helicopter. “Stations in 
Central London Area (Three 


Proposals) . — 11 1 
Automatic Pilots for Helicopters GB 
papers): 
Theoretical Consideration ... ... Collomosse 11 2 
Flight Development .. Curties ae 


Analogue Computor "Development 
with reference to Helicopter 


Application ai Venning 11 2 
Vibration Problems Associated with : 
Helicopters Fitzwilliams 11 3 


All-Weather Operation ‘of Helicopters 
—Engineeringand Piloting Aspects Hearne and 
Reid 
Problems Associated with the Strength 
Assessment of Rotor Blades ... Rogers 11 4 
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Military Helicopter Operations in 
Malaya 

Investigations of Ground Resonance 
in Helicopters with an Analogue 
Computer 

Tilt Wing Aircraft i in Comparison with 
other VTOL and STOL Systems 


1958 
4 Relating to the Installation 
Operation of Radio Equip- 
in Helicopters (5 
General Introduction sie 
Installation Problems 
Aerial Systems 
A.D.F. Installations 
Decca Navigator Installations 
The Digital Computer as a Helicopter 
Flight Simulator ... 
Boost Systems for Helicopter Gas 
Turbines... 
On the Wind Tunnel Testing of Heli- 
copter Models _... 
Some Ways of an Integra- 
ted Aircraft 
Powered Lift Systems . 
Canadian ewes in the Field of 
Helicopter Icing ... 
The Turbine Helicopter 


Cierva Memorial Prize Essay: The 
Stability of Flying Platform Type 
Helicopters 

All-Weather Helicopter "Systems 

A Theoretical Approach to Some 
Rotor Blade Flutter and Forced 
Vibration Problems ae: 


1959 

The Fairey Rotodyn 

The Oscillations ‘a Mass-Spring 
System with Multi-Step Friction 
Damping _... 

Some Engineering Aspects of ‘Helicop- 
ter Assessment Trials... 

Cierva Memorial Prize Essay: Is 
Man - Powered Rotating - Wing 
Flight a Future Possibility? ... 

The Place of the Helicopter in a 
Modern Army 

French Developments 

Helicopter Noise Suppression née 

Some Design Aspects of Tandem 
Rotor Helicopters ae 


The Programme of Development 
Testing for a Helicopter .. ee 

Cierva Memorial Prize Essay Com- 
petition: Is Man-Powered Rotat- 
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TECHNICAL NOTES 


On the Tension Loads in Rivets connecting Stringers to 


Shear-Buckled Skin 


E. H. MANSFIELD, M.A., Sc.D., A.F.R.Ae.S. 
(Royal Aircraft Establishment, Farnborough) 


HIS NOTE DERIVES an approximate, theoretical 

formula for the tension rivet loads transmitted by a 
shear-buckled skin to the supporting stringers. Allowance 
is made for the influence of the in-plane stiffness of the 
stringers and frames in reducing the magnitude of the 
shear buckles. The formula will be most reliable in the 
range 1:5 3. When 7/7,,<. 1-5 the effect of 


| initial irregularities is important, though the rivet loads 


are not high. When 7/r7,,>3 the effect of change of 
buckle pattern, neglected in this simplified treatment, be- 
comes important. The analysis could however be extended 
to deal with varying buckle pattern. 


NOTATION 

t sheet thickness 
a frame pitch 
b stringer pitch 
h_ rivet pitch 

Ay _ section area of frame 

A, section area of stringer 
I; moment of inertia of stringer with effective 

contribution from attached skin 

E Young’s modulus 
vy Poisson’s ratio, assumed to be 0-3 
7 applied shear/shear at initial buckling 


2 
=~ applied shear stress /5E 


Ps normal loading per unit length between sheet 
and stringer 
Ps, max Maximum value of ps 
Ox, Oy Cartesian co-ordinates, Ox parallel to stringers 
w deflection of sheet 
Wmax Maximum deflection of sheet 
Wg stringer deflection 
l buckle wavelength 
m buckle angle 
stringer deflection parameter 
D=Ef /12 (1—v?) 
Tr Shear stress at onset of buckling 


p=b/l 

g=mb/I 

(=El,/bD 

F=Ay,/at 

S=A,/bt 
ANALYSIS 


In order to estimate the normal loading transmitted 
by the skin to the stringers a form for the deflected sur- 
face of the sheet must be chosen which exhibits the 
tendency of the waves to “run across” the stringers. Such 
a function for the deflected surface is 


Received 29th August 1960. 


W=Wnmaz [ (1—p) cos sin x (x—my)/1+ 


In this expression the parameters /, m determine the wave- 
length and wave angle and the parameter p determines the 
extent to which the stringers deform. Fig. 1 shows a 
typical contour surface obtained by this funciion. 
The deflection of a stringer is, apart from a shift of 
origin, 
Wsg=PWmax Sin Tx/1. ‘ (2) 
If we now equate the work done by the applied shear 
forces during initial buckling of the plate to the bending 
energy of the plate and stringers we arrive at the equation 


=? + dx dy+ dx (3) 
where the area is performed over one complete 


wave. 
Performing the integration and introducing non- 


dimensional parameters gives 
Tor = 


Ter, 
+p?+9?P +497} +2p {u?+(1+9)?}? 
2u (1—p)?+2p (1+9)} 


where 7,;,., is the true critical buckling load when ¢ is 


infinite. 
Equations for determining the parameters p, 9, p will 
be obtained from the conditions that 7,, is a minimum, 


ive. Ofer _ Oa 


Now for conventional structures ¢ is large and p 
correspondingly small and it will be sufficiently accurate 
to calculate p from the last of equation (5) assuming that 
p and @ have the values corresponding to zero p i.e. 


2 
= /; 


Performing the differentiation and simplifying gives 


(1-0 


(6) 
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STRINGER 
LINE 


STRINGER 
LINE 


STRINGERE 
LINE 


FicurE 1. Typical buckle contours exhibited by equation (1). 


If it is further assumed that equation (7) is valid in 
the post-buckled state expressions may be obtained for 
the loading per unit length on the stringer, p,, from the 
equation 


d‘ws 
dx* 

~ 373 (i—v?) 


ps=Els 

8 

(£)'w sin 
b max 


Furthermore, from equations (53) and (54) of Ref. 1 


2 ) 1+S+F+SF (1--v*) 
1—v?/ 1+25+5F+SF (6+4y—v2) 
(9) 


so that equations (8) and (9) may be combined, and simpii- 
fied by taking v=0-3, to give 

Et‘ ( 1+S+F+0-91 (10) 
\1+28+5F+7-i SF 

If the rivet pitch is A the maximum tension load ona 
rivet is max: 

A final word of caution. This is a field in which 
theoretical predictions may differ significantly from experi- 
ment and it is suggested that equation (10) should be used 
initially as a basis for comparison and in conjunction with 
known results. 


Ps, max=~60 
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1. MANSFIELD, E. H. (1952). On the Post-Buckling Behaviour 
of Stiffened Plane Sheet Under Shear. R. & M. 3073, 

1952. 


Cabotage in Civil Aviation * 


CARL AGOSTINI 
(Director of Civil Aviation, Port of Spain, Trinidad) 


N PRESENTING this paper I shall take but a brief look 
at a rather interesting subject, the impact of which, on 
our business in aviation, has doubtlessly touched each and 
everyone of us. I refer to the subject of Cabotage—an old 
term which like so many others in human affairs has taken 


*This short paper was presented during the Special Air 
Transport Course organised by the Society on behalf of the 
Colonial Office and held at Oriel College, Oxford, 25th 
August-3rd September 1960. Mr. Agostini raises some interest- 
ing points which it is felt are worthy of discussion—Epb. 


on a new meaning in a world shrunken by our own 
specialised activity of aviation. 

Cabotage in its original maritime usage referred to 
carriage between two places within a geographical unit by 
earthbound vehicles. The essence of this cabotage however, 
was its parochial as opposed to international application 
and this was based on the recognised right of a State to 
reserve such carriage to its own ships. This restrictive 
nature of cabotage in maritime law is an exception to the 
general rule of the freedom of the seas. 

With the development of the aerial vehicle, previous 
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national boundaries and geographical barriers were all 
capable of being easily overstepped, and the impact of the 
development of the science of aeronautics on almost all the 
activities of man, the lives of the peoples of the world and 
the destinies of nations has been such that there was an 
early awareness for regulation of aerial navigation. 

The primary awareness appeared to have been on the 
sovereignty over the air space above the territory of a State. 
Many attempts have been made to arrive at an international 
agreement to guide and control the results of aeronautical 
developments, and today in the field of Civil Aviation the 
majority of the free and independent nations of the world 


/ have accepted the Convention on International Civil 


Aviation drawn up in Chicago in 1944. 
In this Convention the principle of sovereignty is upheld 


- in Article 1 which reads “‘ The Contracting States recognise 


that every State has complete and exclusive sovereignty 
over the airspace above its territory.” 

In Article 2 there is a definition of “ Territory ” in the 
following words:—“ For the purposes of this Convention 
the territory of a State shall be deemed to be the land 


' areas and territorial waters adjacent thereto under the 


Sovereignty, suzerainty, protection or mandate of such 


State.” 
In maritime law the carriage of traffic was specifically 


related to a geographical unit, and this restriction of traffic 


to a State was an exception to the general rule of freedom 
In the convention on International Civil 
Aviation generally referred to as the Chicago Convention 


there is a specific acknowledgment of the principle of 
' sovereignty, but the further definition of a territory in 


Article 2 includes not only places of the geographical unit 
but also those of the same “ political unit.”” The old mari- 
time term “‘ Cabotage ” is now given a new meaning in Civil 
Aviation and is expressed perhaps in negative wording in 
Article 7 of the Convention which reads:—‘ Each Contract- 
ing State shall have the right to refuse permission to the 
aircraft of other Contracting States to take on in its 
territory, passengers, mail and cargo carried for remunera- 
tion or hire and destined for another point within its 
territory. Each Contracting State undertakes not to enter 
into any arrangements which specifically grant any such 
privilege on an exclusive basis and not to obtain any such 
exclusive privilege from any other State.” 

If this Article is expressed in positive wording it may be 
said that ‘“‘ Every State has its rights of sovereignty recog- 
nised. It may permit commercial traffic between points in 
its territory by aircraft registered in another State but if it 
so does for one State, it must be prepared to grant similar 
concessions on equal terms to other Contracting States to 
the Convention.” It is interesting to note that the granting 
or withholding of permission is not in relation to scheduled 
or non-scheduled services but to “ Aircraft of other Con- 
tracting States,” although this Article 7 refers to carriage 
for remuneration or hire. Aircraft on non-scheduled flights 
which may be engaged in the taking up or putting down of 
commercial traffic in the territory of a State other than its 
own are governed by Article 5 of the Convention and the 
pertinent paragraph reads:—“ Such aircraft if engaged in 
the carriage of passengers, cargo or mail for remuneration 
or hire on other than scheduled international air services 
Shall also. subject to the provisions of Article 7 (on 
Cabotage) have the privilege of taking on or discharging 
Passengers, cargo or mail subject to the right of any State 
where such embarkation or discharge takes place, to impose 
such regulations, conditions or limitations as it may 
consider desirable.” 

It seems, therefore, that there is established as effective 


control on the non-scheduled commercial flight of aircraft 
as a State may wish to impose since (i) the flights must not 
be on scheduled international air services; (ii) there must be 
observance of any conditions in respect of Cabotage, and 
(iii) there is provision additionally for the imposition of 
regulations, conditions or limitations as the State considers 
desirable. It would appear that in the drafting of the Con- 
vention particular terms were readily agreed for the 
operation of non-scheduled flights of aircraft for non-traffic 
purposes; but in respect of non-scheduled flights for traffic 
purposes, States were content to leave these specific cases 
for specific action while preserving the rights of the State 
where embarkation or disembarkation took place. 

In the case of the flights of aircraft on scheduled air 
services—if these services were to be used for the optimum 
benefit—it would not be possible to follow the same 
procedure as for non-scheduled flights. In the Convention, 
therefore, provision was made by Article 6, which states:— 
“No scheduled international air service may be operated 
over or into the territory of a contracting State, except with 
the special permission or other authorisation of that State, 
and in accordance with the terms of such permission or 
authorisation.” 

In accordance with the provisions of this Article, six 
States have followed a pattern of negotiations to obtain the 
special permission or authorisation which has resulted in 
Bilateral Air Agreements. Over many years the Inter- 
national Civil Aviation Organisation itself has been 
pursuing the possibilities of drafting an acceptable form of 
multi-lateral Agreement for Scheduled Air Services. In the 
Bilateral Air Agreements the pattern has been to agree to 
the provisions of the Convention which may be applicable, 
the specifying of services, rates and fares among other 
things. Air Carriers are thereafter designated for the 
operation of the agreed routes. 

In the case of non-scheduled flights it appears that 
States reached easy agreement but in the case of scheduled 
air services this may not have been so, and was resolved 
by the broad provision in Article 6 which led to negotiation. 

Negotiation is not always simple nor are positions static, 
and in the negotiations of routes many Cabotage points may 
be involved. In such cases there is the primary position of 
pure Cabotage where traffic is originated to be transported 
directly between points in the territory of one State. Unless 
the State has authorised such transport within its own 
territory by an aircraft registered in another State, any such 
transport is a breach of Article 7; but also each Contracting 
State agrees in the Convention not to grant such traffic on 
an exclusive basis. 

From this simple situation many complexities arise with 
airline terminology of “‘ stopover or transit passenger ” and 
airline ticketing practices; the purity of Cabotage is 
endangered by the shoals of commercial practices and 
formidable problems can arise. Is it any wonder Cabotage 
is humourously referred to in some places as Sabotage? 

In considering some aspects of Cabotage and Stopover, 
the I.C.A.O. developed the terminology of “freedom/ 
identity” of a passenger. This terminology was a drafting 
convenience used to commote the identity of a passenger 
(expressed in terms of the various traffic freedoms), 
established on the basis of his origin / destination. 

In respect of stopover the question then arose as to 
whether the act of stopping over altered the passenger’s 
“ freedom/identity ” and in relation to Cabotage, the cases 
of when the stopover was:—(i) in the territory of one State 
but with destination for the territory of another State, (ii) 
in the territory of the State of the carrier, and (iii) an 
intermediate third State where in both latter cases the 
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ultimate destination is in the territory of the State of origin 
of the passenger. There are as many views as there are 
permutations and people. 

Purely for discussion is presented the view that, since 
the Convention is the Public International Air Law which 
provides for (i) the recognition of Sovereignty ,(Article 1); 
(ii) the definition of territory; (iii) the acceptance of 
Cabotage (Article 7); (iv) the provision for authorisation of 
non-scheduled flights and scheduled air services (Articles 5 
and 6) and as the Convention provides for an expansion of 
the definition of Cabotage in air law to include “ between 
places in the same political unit,” then in the operation of 
any aircraft in respect of Cabotage it appears that the intro- 
duction of airline practices is irregular, unless such practices 
are provided for in the Convention and/or associated 
agreements (for example the Bilateral Air Agreements). If 
there is an agreement in one bilateral agreement or arrange- 
ment between two Contracting States in respect of 
Cabotage, then all other Contracting States would appear 
to have the equal right to similar conditions. The air 
carriers operate services in accordance with the provision of 
the Bilateral Air Agreements under which they are desig- : 
nated. Persons contract with the air carriers for carriage 
and such contract is normally expressed in the form of a 
ticket or airway-bill issued in accordance with the terms of 
the Convention for Carriage by Air. If a carrier therefore 
undertakes a contract for Cabotage carriage which is con- 
trary to the terms of the main agreement or Public 
International Air Law, “ the Convention,” under which the 
Bilateral Air Agreement is made, it would appear that such 
a contract is not valid. 


The question also arises as to the freedom/identity 
passengers in relation to the Convention. Is it thy 
the passenger freedom/identity is established each time th 
passenger freely selects a destination irrespective of th 
number of flights (each flight being determined by stopover) 


made on one ticket issued in accordance with airline | 
terminology and practice? Is it possible that ticketing | 


practices may tend to create a freedom/ identity which over. 


looks the sovereignty, political factors and nationa|! 


economy of a State? Is it possible that the territories of , 


State may lie on airline international routes and inter.) 
national air fares with stopover practices may be developed ; 


without a full awareness of the effect on the State concernej 
and which State may not for many reasons be on the forum 
for development of international air fares by I.A.T.A.? Op 
the other hand has it not occurred and be still possible tha 
a State may develop on its own right, national fares which 
could materially affect the international air fare structure) 

With emergent peoples gaining independence, with the 
possibility of many smaller nations combining, with larger 


nations seeking to retain their footholds could not thes 


aspects raise problems which may lead to restrictive 
measures which could retard the development in Inter. 
national Civil Aviation, the aim of which is to create and 
preserve friendship and understanding, while providing for 
equality of opportunity and the sound and economic 
operations of all air transport services? It is perhaps an 
opportune moment if there could be started sufficient 
thought to generate action for a complete and thorough 
appraisement of this matter of Cabotage in Civil Aviation. 


Man Powered Flight in 1929 


FRANZ VILLINGER, Dipl. Ing. 

For the sake of historical accuracy, I should like to 
make some correction to the paper by Alexander Lippisch 
in the July 1960 JouRNAL (p. 395). He gave therein a time- 
manpower curve (Fig. 1). The information given by this 
graph varies more than 100 per cent from the original 
publication of this graph in Flugsport in 1933 (“ Das 
Luftskiff,” Flugsport 1933, p. 311), as is shown by the com- 
parative graph (Fig. A). The original initial power of 5 h.p. 
for a sprint runner fell away over a period of ten minutes 
to 2 h.p. 

The 1929 flight described by Lippisch in this article and 
which took place at the Wasserkuppe and was 250 to 
300 m. in distance was a splendid effort by the starting 
crew but could hardly be considered pure man powered 
flight in the narrow sense. 


SPRINTER 
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Ficure A. 


Reply by DR. A. M. LIPPISCH 


The energy diagram published in Flugsport 1933,} 


was based on the estimates of human power output given 
by Dr. Brustmann. It is pointed out that these power 
estimates would need a more accurate confirmation. | said, 
“Tt is without doubt that it would be a meritorious task to 
make precise measurements of human power with such 
implements which would allow the complete utilisation of 
the human energy.” 

Regarding the flights with the ornithopter built by 
Dr, Brustmann and flown by Hans Werner Krause, there 
was no doubt that the flights performed after the changes 
on the wings were powered flights and not gliding. I do 
not think that these tests were the first flights ever per 
formed with a man powered aircraft. There are certainly 
some earlier attempts of solving this age-old problem, and 
it is probably the best answer to this question of priority 
to let it stand with Daedalus and Ikarus. 


h 
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Figure 1. The hyperbolic power function according to 
Dr. Brustmann. 


B 
com 
and 
enth 
is 
con 
and 
in tk 
(Re 
whi 
Tov 
, 193’ 
Sect 
Bre 
for 
: gro 
nec 
Isle 
desi 
of ' 
acti 
Oct 
fori 
joir 
Du 
red 
few 
Bu 
tim 
cir 
Fan 
Br 
(in 
tra 
ho: 
Le 
fol 
\ wa 
\ : 
lec 
Gi 
-4 cor 
th 
\933 wl 
3 Oj 2 fu 
ev 
RACING wi 
a 2 OARSMAN 
| 1960 bi 
ar 
| fo 


JANUARY 1961 


JOURNAL OF THE ROYAL AERONAUTICAL SOCIETY 


ty 


BRANCHES 


In wriTING of The Isle of Wight Branch one considers an island 
community, with only one aircraft company. It is a small, intimate 
and vigorous group of colleagues, cut off somewhat except by 
enthusiasm from most of the Parent Society activity. The Branch 
is greatly susceptible to the changing fortunes of the Industry, 
concerned with its tenuous contact with the Parent Society Staff, 
and with the need to survive as possibly the only technical Society 
in the Island. 

The first President was Sqn. Ldr.C. J. W. Darwin, D.S.O.,R.A.F. 
(Ret’d.), and Mr. H. Knowler was elected Chairman, an office 
which he held continuously until December 1957. Mr. B. W. 
Townshend was elected to the office of Honorary Secretary. 

The first Lecture was given by the Chairman, in October 
1937, on “Flying Boat Development,” which proved a most 
successful forerunner to an excellent series of Lectures. 

In 1938, Mr. Townshend resigned his office of Honorary 
Secretary to take up a position on the mainland and Mr. M. J. 
Brennan was elected to carry on his duties which he continued to do 
for the next eleven years until 1949. Mr. Brennan has finally 
succumbed to the Mainland (vide Dorothy Reynolds and Julian 
Slade), but still has an intimate connection, at Follands, with 
ground cushions now so closely associated with Saunders-Roe. 

Early in the war, the design and development staff of Messrs. 
Saunders-Roe Ltd., which included the majority of the Officers of 
the Branch, were evacuated to Anglesey and as a result it became 
necessary to suspend activities for the duration of the War. The 
Isle of Wight was apparently considered too noisy for aeronautical 
design and production. 

Upon the return of the design and development staff to the Isle 
of Wight in 1945, however, the Branch lost no time in renewing its 
activities. Sir Arthur Gouge became its new President, and in 
October a new Session of Lectures was started. A canvass of all 
former Members was made and notices inviting new members to 
join were posted, which resulted in a total membership of 271. 
During the next two years, however, this number was considerably 
reduced, owing to a reduction in staff at Saunders-Roe, and for a 
few years averaged about 200. ; ; 

This membership has risen and fallen, reflecting changing 
Budgets and Defence Policy, but never dropped below 170 and at 
times even numbered 270 which, bearing in mind the location and 
circumstances peculiar to this Branch, reflects well the enthusiasm 
and hard work of the various members who have formed the 
Branch Committee throughout the years. ; 

The lecture programmes have been provocative and stimulating 
(in spite of the odd “‘dud” lecture), and many eminent people have 
travelled to the Island to lecture to the Branch and accepted its 
hospitality. 

Perhaps the most noteworthy occasion was the Main Society 
Lecture given by Professor Baxter in the 1954/55 session, when 
folk — from afar to visit the Branch and even the standing room 
was filled. 

A great disappointment has been the fact that the Branch Prize 
lectures have had to be discontinued because of lack of support. 
Good prizes were offered but each year presented the problem of 
coercing members to take part. This eventually proved too much and 
the lectures were dropped. . 

The Branch Annual Dinner has long been an established 
function, and, with the exception of 1958 when sickness intervened, 
every President of the Society since 1947 has honoured the Island 
with his presence. Members of the Society Staff have also given 
the pleasure of their company on these occasions, although they 
must by now have realised that the I.0.W. Branch is not really an 
Overseas section of the Society. ‘ 

The Branch asks to use this page to thank all those members of 
the Society who have visited them on social and serious occasions 
and for their support and encouragement. They also say “thank 
nal to those members who live in England but in earlier times 
ounded the Isle of Wight Branch or gave their time to work 


Two Branches were formed in 1937, Weybridge of which we have 
written in the previous issue and the ISLE OF WIGHT. 


for it. Finally, their sincere thanks go to Saunders-Roe Ltd. for 
their considerable financial and moral support throughout the 
history of the Branch. 


The Branches’ Conference 

The second half-yearly Conference of 1960 was held on 
Saturday 10th December, and for the first time, in the new R. Ae. S. 
Lecture Theatre. The President was invited by the Chairman, 
Dr. Ballantyne, to open the proceedings and in his welcome referred 
to “old faces in new surroundings.” 

Subsequent Conferences will be held, as before, in the Council 
Room, which should afford an opportunity for the future President, 
Air Marshal Sir Owen Jones (also present) to refer to new faces in 
old surroundings. 

The Lecture Theatre was chosen for this one occasion so that 
delegates who were not present at the Opening Night of the 
previous week, might view this most modern Lecture Theatre in the 
Kingdom. It must also be one of the most handsome, and the 
Branches were duly gratified to see the beautifully executed plaques 
of —_ home towns, cities and establishments which grace the 
walls. 

These insignia (heraldically, they present some armorial problem 
of description) are spaced in chronological order of function of the 
Branches, but the names have been made (tactfully) so small that 
Branches need find no offence in the identity of other plaques, 
but only satisfaction in recognising their own. 

This page should tell of the Conference and not of its surround- 
ings, but it is of significance in that the Branches—many working 
very hard—did contribute to the finances of the project. But they 
recognise the good work done in its achievement by the staff of the 
Society, and due and sincere congratulation was offered. 

Dr. Moult emphasised that the Lecture Hall is as much for the 
Branches as for London members, and any reader of this page who 
has yet to see the Hall, should add it to his New Year resolutions. 

Incidentally, it was told at the Conference that to test the 
acoustics of the Hall before the official opening, a full audience was 
required and this was supplied by 200 members from the London 
Airport Branch and 100 from Hatfield. 

As Branch Conferences never lack for items of agenda, some 
controversial, we record the names of the new Committee (part old, 
part new) that table such items:— 

Dr. A. M. Ballantyne, Mr. L. G. Frise, Sqn. Ldr, E. J. Holden 
(re-elected), Mr. A. D. Howarth, Mr. R. W. Hilken (new elec- 
tion), Air Marshal Sir Owen Jones, Mr. J. A. Kirk, Mr. L. W. 
Rosenthal (re-elected), Mr. J. G. Roxburgh, and Mr. G. 
Wansbrough-White. 

“Any Other Business” is also a lively item, and from the agenda 
and under A.O.B. were discussed such diverse topics as:— 

—How to run lectures and for lecturers how not to, Branches 
that are doing splendidly, those that are now not quite so well 
supported, a central register of Lecturers and should they be 
classified as *, **, *** or **** (relax—it got no further), advance 
copies of papers, joint sessions with other institutions on common 
ground, what has happened to the younger generation, subsidies 
will remain as now for two years (no chance to discuss this, as the 
subject was rapidly changed) the venue of the “away” Confer- 
ence in the Spring. 

Following on 1959 with Bristol and 1960 with Brough, the 
PRESTON Branch has offered an invitation, gratefully accepted, for 
1961. It is doubtful if it was ever intended to alternate between 
North and South, but a pattern is beginning to emerge which might 
stimulate thought for 1962. 

The Chairman closed with the encouraging news that the 
Society goes from strength to strength, in spite of the varying 
vicissitudes of the Aircraft Industry. This, with the new surround- 
ings and a successful Conference, fortified old faces to undertake 
the long walk—in the mid-day sun—to Dover Street for the social 
event of the day. G.W-W. 
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British Space Research 

On 23rd November in the Library at 4 Hamilton Place, Mr. 
M. O. Robins of University College gave the first lecture of the 
Autumn Session to the Graduates’ and Students’ Section on 
“The British Space Research Programme.’ Mr. Robins is the 
British project manager for the joint satellite programme which is 
currently being undertaken to launch a British satellite into orbit 
using the Chance Vought/NASA, four-stage, solid-propellant 
vehicle called Scout. 

At the beginning of the lecture Mr. Robins made it clear that 
he would restrict his discussion mainly to current research, and 
confined himself to the description of space research using rockets, 
and in particular the British Skylark high-altitude sounding rocket 
and the Scout satellite programme. Space research was defined 
as research carried out by using a particular technique, that of 
rockets, to carry instruments into regions of the upper atmosphere 
or beyond. The value of using vertical sounding rockets or alter- 
natively a satellite were described briefly and then Mr. Robins went 
on to give a more detailed picture of the uses to which the Skylark 
vertical-sounding rocket had been put, using instrumentation 
designed by a number of British Universities. Wind velocity, 
temperature, pressure and electron density were typical quantities 
which had been investigated using Skylark, and research continues 
with this vehicle in a modified and more powerful form. 

On the topic of satellite research Mr. Robins gave a clear 
picture of the manner in which the British universities are jointly 
responsible for the experimental instrumentation to be used in the 
first British satellite Scout I. Much useful data was obtained from 
the ground tracking stations which are utilised to observe the 
satellite once it is in orbit, and the British contribution to these 
optical and radio facilities was emphasised. A new optical tracking 
station at Malta and the Minitrack station operated by the Radio 
Research Station at Winkfield were mentioned and it was con- 
sidered that as space research gathered momentum more facilities 
would be prepared in conjunction with European and Common- 
wealth countries. 

The lecture was throughout extensively illustrated by slides, 
some in colour, and of these perhaps one of the most interesting was 
that showing the relationship between solar activity and the drag 
of a satellite in orbit. It was evident from the plotted values that 
there is an exact correlation between the two variables, as the 
satellite drag rises with an increase in solar activity. 

Mr. Robins left us with the final impression that although the 
British contribution to space research is at present on a relatively 
small scale, there is no doubt that as far as instrumentation is 
concerned, our techniques are well advanced. Much valuable data 
has already been obtained from British experiments and this 
contribution is likely to grow in the future. 


Opportunities at Farnborough 

One of the problems facing the firm or Establishment which 
organises a visit to their various departments for the benefit of our 
members, is just how much they can cram into one day or one 
afternoon. Recently during the Section’s visit to Farnborough we 
were Offered the tempting opportunity to return at some future 
date and spend a day in one particular department. This offer is 
now official and one which it is thought members will be eager to 
accept. For the member who is working on one particular 
specialist topic and wishes to discuss his work with those in a 
relevant department at Farnborough, for the student considering 
entering the Royal Aircraft Establishment at the conclusion of his 
course, or for the member who was unable to join the official party 
last month, this is a golden opportunity to learn more about 
Farnborough. Requests should be sent to the Hon. Visits Secretary, 
stating which Department is of interest (e.g. Structures, Aero- 
dynamics, and so on). 


The Autumn Dance 


Nearly two hundred people braved the wet and windy evening 
of 25th November to attend the Graduates’ and Students’ Section 
Autumn Dance. Since it was not possible to use the new Lecture 
Theatre for the Dance on this occasion, it was held in the Library 
as in past years. However the other new facilities, such as the 
cloakrooms and the kitchen, were most useful, and it is to be hoped 
that the Lecture Theatre will be available for future occasions. 

There is little room here to tell of the inevitable crises and 
dilemmas which preceded the Dance; the committee member who 
was nearly mobbed when she asked for volunteers from her College 
to act as barmen; the two hundred glasses that were found to be 


. Ltd.), Sir Arnold Hall (Director, Hawker Siddeley Group Ltd), 


Graduates’ and Students’ Section 


dirty half-an-hour before the first arrivals, the frenzied attack on the 
bung of the cider barrel, and so on. But, by eight o'clock, one 
member of the committee had been restored to a sufficient state of 
calm and suitable appearance to collect the tickets at the door 
and the Dance began. 


Soon, the entrance hall to 4 Hamilton Place took on the | 


appearance of an Old Boys’ Reunion, as people who had not seep 
each other since “‘College’’ or the ‘* 58 Show” greeted old friends 
with great gusto. In the thirty or so minutes before their ladies 


re-appeared they managed to bring each other up to date on the | 


activities of mutual friends and acquaintances. 

Upstairs, Hugh McCamley and his Band played long and loud 
in a Library looking most unlike its normal sober self. Tables and 
filing cabinets had been carried away and bookshelves pushed aside, 
Decorations hung from the ceiling and the dance floor itself was 
crowded with a vivid selection of colours as the cha-cha and the 
old-fashioned waltz followed hard on each other’s heels. 


| DON'T THINK BEEN 
STRESSED FOR THIS KIND 
OF THING 


During the interval, the piles of sandwiches and cakes that had 
seemed mountainous to the helping wives and girl-friends a few 
hours earlier, quickly diminished. At the bar the four stalwart 
barmen dispensed drinks to thirsty couples with accomplished 
rapidity. Alas, for the committee sense of proportion, when the 
wine and beer ran out, late in the evening, there was still cider to 
spare. Without doubt, new weighting factors will be used next 
time! 

More dancing, a scramble for balloons, lucky people clutching 
their spot prizes, and suddenly it was time for “Auld Lang Syne” 
and “The Queen.” Then out into the dark, but now dry, night in 
search of a cup of coffee. Lastly, the farewells and promises to 
meet again at the Summer Dance, and then the tired journey home. 
Our easy drive out of London was brought to a sudden halt when 
we ran foul (sic) of the ‘“‘Chicken Patrol” of the local County 
Constabulary. But we soon convinced them that we were not the 
type of bird which they were seeking, and proceeded on our way 
home. A most enjoyable evening. 


Future Visits 
The following visits have been arranged for 1961: 
Saturday 18th March, National Physical Laboratory at 
Teddington, Middlesex. 
Wednesday 19th April, National Gas Turbine Establishment 
at Pyestock, Farnborough, Hants. 
Applications for the visits should be made to the Hon. Visits 
Secretary: N. R. Craddock, 5 Oxleay Road, Harrow, Middlesex 
(Tel: Pinner 3633) at least three weeks before the date of the visit. 


Coming Event 

On Wednesday 11th January a Brains Trust and Discussion 
Evening will be held in the Lecture Theatre, 4 Hamilton Place, 
at 7.30 p.m. The chair will be taken by Mr. E. Colston Shep- 
herd (Air Correspondent, Sunday Times) and speakers will be: 
Mr. Peter Masefield (British Executive and General Aviation 


Mr. A. W. (“Bill”) Bedford (Chief Test Pilot, Hawker Aircraft 
Ltd.), and Mr. Dennis Desoutter (Assistant Editor, Aeronautics). 
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STROMUNGSLEHRE. Vol. I. O. Tietjens. Springer, Berlin, 1960. 
536 pp. Illustrated. DM.66. \In German.) 

This is a distinctly personal account of the “physical 
fundamentals, from an engineering point of view” of fluid 
mechanics by the second author of “Prandtl-Tietjens” (which 
this book is not meant to replace). This first volume contains 
statics and dynamics of incompressible inviscid fluids, with 
chapters on the properties and on the statics and stability of 


» fluids; on capillarity; on potential flows without and with 


free surfaces; and on flows with rotation and vorticity. 
The author has taken great pains to follow Prandtl’s 


' tradition and to make the presentation ‘‘anschaulich” (which 


is somehow untranslatable): where possible, matters are 
shown to be intuitively self-evident, and mental experiments 
play an important part. Practical applications are intertwined 
with theoretical considerations up to a point where, for 
example, the theory of lighter-than-air craft is demonstrated 
in the form of “a balloon trip on a cloudy day.” Of particular 
value, and the most distinguishing feature of the book, are the 
numerous flow patterns which have been drawn with loving 
care. Their construction is usually explained in detail and 
many a student of fluid motion would do well to impress them 
firmly on his mind. He will find many kinds of displacement 
flows involving sources, sinks, and doublets; flows along 
walls with corners and around plates and aerofoils; the 
Borda mouthpiece, surface waves, and vortex streets. 

One of the idiosyncracies of the author is his historical 
interest. The reader is treated to historical asides such as 
Leonardo’s views on experiment and theory; he can learn 
that Daniel Bernoulli, by 26th January 1750, had lost all 
esteem for d’Alembert because of the latter’s abstractionism 
and lack of physical realism. 

Altogether, this is an enjoyable book which can be useful 
in many ways and is a supplement to other textbooks.— 
D. KUCHEMANN. 


ADVANCES IN SPACE SCIENCE Vol. II. Frederick I. Ordway 
(Editor). Academic, New York, 1960. 450 pp. Illustrated. $13. 

This American book starts with an assumption not 
generally believed in England, that Space is, and will remain, 
big business. It is an authoritative volume, well produced, 
dealing with space without as much as a backward look at 
aeronautics. It deals with detailed design considerations and 
not with the results obtained to date. 

Five parts are written by five authors; space physics 
(Sonett), tracking (Henize), materials (Bagby), electrical 
propulsion (Camac, Stuhlinger and Seitz) and attitude 
control (Roberson). 

Although the first section is entitled ‘Experimental 
physics using space vehicles,” it contains far more engineering 
detail than physics and it is refreshing to find reliability built 
in to experimental physics apparatus. The necessity of radio 
transmission of results is always uppermost in the author’s 
mind and suitable circuits are always suggested. The photo- 
graph on p. 72 of the effects of various amounts of white 
noise on a TV picture of the moon are most interesting. 

The short (25 page) section on tracking artificial satellites 
and space vehicles is almost entirely descriptive, and contains 
none of the detail of the first section. 

Materials in Space deals with a somewhat mundane 
Subject quite well and indicates the types of material suitable 
for such different purposes as re-entry and bearings. 

Plasma propulsion devices come appropriately enough 
from an expert at Avco, and contain the results of many 
laboratory experiments. The practical application of these 
devices is unfortunately limited to one page and a diagram, 
but this is given much greater consideration at the end of the 


following section on electrostatic propulsion. This chapter 
is of a much more theoretical nature, but theory has been 
imaginatively applied to show the application of electrostatic 
propulsion to sustaining low flying satellites, orbit correction 
and transfer, lunar ferry, Mars, Venus vehicles and Jupiter 
Saturn and deep space probes. 

Finally we come to attitude control, the second longest 
section of the book. No practical methods are described, but 
methods of detection of attitude together with theoretical 
methods of control.—w. F. HILTON. 


MISSILE AERODYNAMICS. J. W. Nielsen. 
New York, 1960. 450 pp. Diagrams. 97s. 

There is no hard and fast distinction between what is 
properly “‘missile’’ aerodynamics and what is “‘aircraft,”’ or 
any other type, of aerodynamics. In fact, as the author 
points out, the difference between aircraft and missile con- 
figurations is rapidly vanishing as the years pass by and flight 
speeds increase. However, there are certainly branches of 
aerodynamics which are frequently used when dealing with 
missiles, and one can hardly quarrel with Jack Nielsen’s 
choice of slender-body theory as the “‘backbone”’ of his work. 

After a chapter in which the basic results of slender-body 
theory are evolved, the rest of the book is concerned with its 
theoretical applications, sometimes introducing the results 
of other theories as well, so as to provide a comprehensive 
and well-ordered account of the aerodynamics of bodies, 
wing-body combinations, wing-tail combinations and aero- 
dynamic controls. Finally, there are chapters on drag and 
stability-derivative estimation. There is only occasional 
reference to experimental results, the intention being to 
present the analytical methods of obtaining theoretical 
answers, without criticism of their shortcomings. In view of 
the complexity of the problems involved, perhaps it would be 
unchivalrous to wonder whether the theory gives an adequate 
answer: thank your stars that any answer can be obtained, 
right or wrong! 

Nonetheless, some criticism even of the limitations of 
slender-body theory itself would have seemed desirable: 
one too easily gathers the impression that missiles are per se 
“slender bodies”’ in the specifically technical sense, or at least 
that the technical usage is identical with the popular usage of 
the term. A close reading of the text admittedly reveals some 
of the limitations of method: but they could with profit have 
been made clearer. 

Lack of criticism of the methods applied to the more 
involved problems essayed is forgivable, as the introduction 
of the dubious simplifications needed to render them tractable 
is sufficient to show their tentative character. Indeed, one 
sometimes blushes for shame to see the awful truth laid bare! 
However, it cannot be denied that it is of great use to have 
these methods assembled between two covers, and Mr. 
Nielsen is to be congratulated for the clarity of his treatment. 
The text appears accurate; there is a wealth of numerical 
data and useful formulae; and the whole is well indexed, with 
plenty of references. Within his self-imposed confines he 
acquits himself well.—rT. R. F. NONWEILER. 


McGraw-Hill, 


LEICHTBAU*. Heinrich Hertel. Springer-Verlag, Berlin, 1960. 
526 pp. Illustrated. DM.67.50. In German. 

This is a remarkable book written by a remarkable man. 
Engineers and designers actively engaged in the industry 
generally have neither time nor incentive to write a book about 
their work. Thus there exists in the technical literature on 
structural design a preponderance of the mathematical- 


*Leichtbau cannot be translated by a single word, it comprises 
the technique of designing and producing structures where the 
emphasis is on low weight. 
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theoretical treatment of the subject and a paucity of books 
dealing with the practical technical side and the view points 
of the designer. 

In Hertel’s book, written by a structural designer for the 
use of designers, the emphasis is decidely on hardware aspects. 

The author is uniquely qualified for the tremendous task 
of encompassing this vast subject into one single volume, 
applying wise and masterly selectivity to its many important 

facets. He has a scientific and even more extensive engineering 
background. After the study of structural engineering at the 
Technical University, Berlin, he began his career in 1926 as a 
scientific worker in the D.V.L. In 1933 he joined the 
Heinkel Aircraft Co. as Technical Director and from 1939 
to 1945 he was Chief of Development of the Junkers 
Company. He was responsible for design and construction 
of the first aircraft which was propelled by a liquid rocket 
(HE.178), directed the development of the first German 
jet engine and was also responsible for the first successful 
high altitude cabin installed in the Ju86.P and also of the 
Ju287, a jet bomber with forwardly swept wings. After the 
war he went to France, became engaged on trans-Atlantic 
projects with jet aircraft and worked later in the French 
steel structure industry. Since 1955 he has held the Chair 
for aircraft construction at the Technical University 
of Berlin. 

Some of his lectures on structural design are cast into the 
book, bolstered up by research work, originated in his 
Institute at the University, dealing mainly with plastic deform- 
ation, the behaviour of thin shells after buckling has set in, 
sandwich panel construction and the development of rationally 
sub-divided fail-safe integrally stiffened structures. In 
addition, the book also contains evaluations and reviews of 
the most recent international literature thus presenting a very 
comprehensive picture of the state of the art. A complete list 
of references (in lieu of footnotes) would have enhanced the 
value of the book in this respect. 

By way of introduction the general design problems with 
regard to weight and different methods of construction are 
discussed. Then follows a review of the most important basic 
materials suitable for light structures, especially from the 
point of view of best structural efficiency dependent on their 
behaviour in the plastic range. Characteristic data are 
presented in a form enabling the designer to make a choice of 
the most suitable material. 

It is indicated how the choice of materials of low specific 
weight and greater bulk can lead to satisfactory integral 
structures, ease of manufacture, good surface condition and 
weight saving. 

In the following chapters the author deals in great detail 
with the buckling of skin panels and of open sections as a 
basis of all investigations into the strength of thin-walled 
structures. Coefficients for the calculation of critical buckling 
stresses of panels, shell structures and tubular members are 
presented in numerous tables which provide the structural 
designer with a mass of information and valuable hints for 
proper application, correct choice of dimensions and stressing. 

The behaviour of structures in the supercritical state 
(after buckling has set in) is investigated. A simple approxi- 
mation for estimating the strength is derived where the mean 
ultimate stress equals the square root of the product of 
elastic limit and buckling stress. 

In a detailed treatment of the strength and stability of 
thin-walled open sections subjected to torsion, the very 
effective improvement achieved by torsional coupling of the 
profile flanges is shown. 

A simple method for calculating the torsional stiffness of 
orthogonally reinforced shells is developed. : 

The buckling behaviour of panels stiffened by different 


methods and subjected to compression or shear loads js 
analysed in the light of modern literature on the subject, 4 
survey indicates optimum structures and obtainable ultimate 
stresses in terms of non-dimensional characteristics, Providing 
a comprehensive basis for weight optimisation studies. 

The chapter on sandwich construction discusses in detail, 
with the help of numerous sketches, sandwich cores, bonding 
strength and stability, weight optimisation and coreg 
application of this technique. 

A subsequent chapter is devoted to the stress distribution 
resulting from the introduction of longitudinal forces into | 
reinforced panels with subsequent diffusion. The most 
important cases are calculated for different forms of cop. 
struction, including panels built up on resin bonded glass; | 
fibres, and the results are presented in diagrammatic form, 

The author pioneered the introduction of press-formed | 
light alloy components in the German Aircraft Industry and } 
presents a detailed and partly novel treatment of all important 
aspects of this technology. Extensive design data assisted by 
excellent illustrations and diagrams should enable structural 
designers to make the right decisions and to design com- 
ponents produced by this technique correctly for satisfactory 
strength in service. 

Advanced types of press-formed components are des- ; 
cribed, avoiding the unfavourable notch effect due to joining 
by rivets or bolts. 

Subsequent chapters are devoted to various techniques of 
jointing, prevention of contact corrosion, sealing, joints for 
integral construction, riveting, point welding and bonding. | 
In the latter case the effect of temperature on the elasto- | 
plastic behaviour of the bonding material, of which relatively _ 
little has been known, is comprehensively treated. Novel 
methods aiming at satisfactory bonding of thick walled 
components by using interspaced elastic layers, conical 
layers and multiple layers are discussed. 

The last two chapters are devoted to load assumptions 
and strength requirements and the principle of securing long 
life of light structures up to “‘fail-safe.”” 

Basic data on stress concentration factors in notched 
parts, on fatigue strength of the most important structural 
materials and on structural joints, are comprehensively 
presented to enable the designer of aircraft and other light 
structures to make the right choices in regard to type of design 
and dimensions. 

The book addresses itself not only to the aircraft designer 
and stress analyst and to students of aeronautical engineering 
but to structural designers in other engineering branches where 
the possibilities and the principles of designing for light 
weight are still insufficiently appreciated. Besides, tech- 
nologists and metallurgists and production engineers will 
derive from the book valuable information. Theoretical 
research workers will be stimulated in their methods by this 
treatment of the subject from the practical view point. 

It is to be hoped that this important textbook will be 
translated into English, either by a publishing firm or through 
the agency of Agard.—c. v. LACHMANN. 


ADVANCES IN CRYOGENIC ENGINEERING, Volume 5. 
K. D. Timmerhaus (Editor). Plenum Press, New York, 1960. 
584 pp. Illustrated. $13.50 


On the dust cover, cryogenics is defined as the science 
dealing with the behaviour of materials at temperatures 
close to absolute zero. This is rather an overstatement, 
because the contents of this publication demonstrate the 
existence of considerable problems associated with tem 


peratures on the way down to this degree of coldness. 
The volume is a record of the transactions and includes 
reprints of all the papers, with the discussions, presented 
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at the Fifth National Cryogenic Engineering Conference 
held at the University of California in Berkeley, 2nd-4th 
September 1959. It appears that the organisers of these 
meetings have decided to publish the proceedings of the 
previous four conferences and these also are now available 
as bound volumes. 

One appreciates the extent of the large amount of 
research work carried out in the United States in this 


_ particular branch of engineering in relation to Aircraft, 


Atomic Energy, Rockets, Missiles and Electronics, when 


| it is realised that all but two of the authors of the sixty- 


seven papers are from the United States. The papers are 
arranged under the following main headings:— Applica- 
tions and Techniques, Missile Technology, Insulation, 
Super Insulation, Heat Transfer, Design and Application, 
Liquefaction and Refrigeration, Mechanical Properties, 
Fluid Phenomena, Processes and Data. 

It is impossible to review all the papers in a short 
space but a very useful and informative survey of liquid 
rocket and missile propellants and their handling and stor- 
age problems is given in the first paper on “ Cryogenic 
Engineering Advances in the Space Age” by R. F. Blanks 
and K. D. Timmerhaus. Although the use of liquid 
fluorine as an oxidiser and liquid hydrogen as a fuel pro- 
duces the highest specific impulse, the extremely difficult 
corrosive and toxic problems associated with the use of 
liquid fluorine makes one thankful that liquid oxygen is 
likely to remain the “ work-horse” of liquid propellant- 
oxidants for some time. R. F. Post and C. E. Taylor deal 
with the use of air core cryogenic magnet coils for fusion 
research and high-energy nuclear physics applications and 
H. P. Hernandez describes the practical experiences with 
the 72-inch liquid hydrogen bubble chamber, used for 
fundamental atomic research, and which was operated for 
the first time in the University of California in March 
1959. There are several papers dealing with the large-scale 
production, handling, and storage of liquid fuels and 
oxidants; and cryogenic tankage for space flight applica- 
tions is dealt with by D. G. Driscoll and the testing of 
tocket engine components by B. Mandell and L. E. White. 

One paper which caught the reviewer’s interest was 
that entitled “‘ Crew Compartment Environmental Control 
Utilizing Cryogenic Fluids ” by D. S. Harris of the Boeing 
Airplane Company. The author describes a feasibility 
study of a “ wash-through” cabin conditioning system 
based on the use of liquid oxygen and nitrogen stored in 
a single container. The objective was to study the possi- 
bility of making the crew comfortable on short duration 
missions, of about 2 to 6 hours, without any special equip- 
ment, such as pressure suits. The crew would probably 
wear pressure suits for emergencies, but during normal 
flight conditions the suits would be unpressurised. 

Some of the problems of the refrigeration involved in 
miniature airborne infra-red detector systems are con- 
sidered by F. E. Altoz and J. R. Eargle, by J. M. Geist 
and P. K. Lashmet and by H. D. McMahon and W. E. 
Gifford. The value of the aluminium-magnesium type 
alloys for use in engineering at low temperatures is 
emphasised in the paper by A. Everest on “ The Behaviour 
of High-Magnesium-Content Aluminium Alloys at Room 
and Liquid-Nitrogen Temperatures.” This paper also 
deals with the properties of these alloys in the form of 
“machine-welded” joints. Additional tensile properties 
and impact values of plate and welds of similar aluminium 
alloys are discussed in the paper by R. D. Olleman and 
G. C. Wolfer. 

A study of the mechanical properties of high strength 
301 stainless steel sheet at 70, —320, and —423°F. in the 


unwelded and welded condition is reported by J. F. 
Watson, The material tested was an 18/8 type stainless 
steel with about 1-4 per cent manganese and a carbon 
content controlled below 0-1 per cent. The sheet was 
cold-worked up to 78 per cent with the result that the 
room temperature tensile strength was more than 130 
tons/in.?.. The reduction of tensile strength and elonga- 
tion between —320 and —423°F. are ascribed by the 
author as being due to the austenite to martensite trans- 
formation, which was confirmed by both magnetic and 
X-ray diffraction techniques. The comparable heliarc 
butt-welded joint properties are also recorded in this paper. 

This book should find a place on the library shelves 
of any engineer or designer interested in the problems 
associated with the various modern applications of liquid 
gases in the fields of missiles, rockets and atomic energy, 
and the size of the volume points to the early formation 
of a society or institution of cryogenic engineers, at least 
in the United States.—w. M. DOYLE. 


SYSTEMS PRELIMINARY DESIGN. 
van Nostrand, New Jersey, 1960. 
£5 10s. Od. 

The Principles of Guided Missile Design is an ambi- 
tious project comprising a number of volumes covering 
every aspect of design of guided missile systems and of 
space flight. The particular volume reviewed here, 
Systems Preliminary Design deals with what is known in 
this country as the project assessment or the design study 
in a masterly way which makes the book a most valuable 
addition to the limited published information on this subject. 

The author discusses the factors to be taken into 
account in deciding the speed and range of a missile, its 
shape and size, the type of guidance system, the best 
means of propulsion, the structural strength and weight 
and how to create the optimum design out of all the 
possible varieties. Not only does he say what these factors 
are but he goes on to show how the design problems can 
be assessed and he then works out an example in detail 
to show how his methods can be applied. He takes the 
realistic view that since an initial broad assessment must 
start with a number of assumptions in addition to the 
stated performance requirements that hand calculations 
are essential to an understanding of the influence of 
changes in these assumptions. Further, he shows how by 
“ going around ” the system, unit by unit, the designer can 
see the effect of variations in the design parameters of one 
part upon the other as they are being made and how all 
these variables may finally be brought into conformity and 
so produce the optimum design. 

It is most refreshing to find that the author starts his 
assessment of a missile system by considering ways in 
which the specified reliability can be taken into account 
in the basic design calculations. This very desirable 
approach is typical of modern American methods. There 
are excellent chapters on the assessment of the design of 
guidance and control systems, the kinematics of command 
guidance, homing and beam riding and the aerodynamic 
problems of performance, stability and control. Heat trans- 
fer and structural design problems are dealt with adequately 
and although aeroelastic problems are not considered in 
this volume, references to suitable other works are given. 

This book embodies some of the wealth of valuable 
methods and experience now available in the U.S.A. and 
it can confidently be recommended as one of the few 
existing guides to the design assessment of a missile system 
to all aspiring designers and also for use as a text book 
for instructional courses.—F. G. TARRANT. 


Joseph J. Jerger. 
625 pp. Diagrams. 
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WEATHER FORECASTING FOR AERONAUTICS. Joseph 
J. George (with contributions by seven other authors). Aca- 
demic Press, New York and London. 1960. 673 pp. Diagrams. 
£5 7s. 6d. 


There is a wide gap between the theory of the science 
of meteorology as presented in textbooks and the practice 
of forecasting for a particular kind of customer. There 
have been many good forecasters who have not had a 
sound knowledge of the physics and dynamics of the at- 
mosphere and many learned theoreticians who were not 
good forecasters. The dichotomy arises from the compli- 
cated nature of the earth’s surface. One can come to know 
the atmosphere’s behaviour through being a practitioner 
in forecasting in a country where the problems are too 
complex for the direct application of fundamental theory. 
Some of the rules one evolves, often by statistical methods 
with the guidance of theory, are applicable elsewhere, 
while others may not be. Radiation fog forecasting is a 
fairly universal problem, though one has to know one’s 
locality, while forecasting the movement of depressions is 
done by different rules in different latitudes and meridians. 

The Meteorological Office publishes short papers from 
time to time on forecasting problems in different parts of 
the world, as do other national meteorological services, 
but no attempt has previously been made to produce a 
book on how to be a good aviation weather forecaster. 
Books about weather forecasting have generally been text- 
books about the principles which forecasters are supposed 
to use, with illustrations carefully chosen to illustrate them. 
This present book attempts to describe how the practitioner 
actually goes to work, and assumes the reader has a know- 
ledge of the basic theory. It is a collection of papers on 
how to forecast in selected situations: mostly it refers to 
the central and eastern United States—the area covered by 
Eastern Air Lines (the authors’ employers) and to the 
major problems encountered there. In view of this 
geographical limitation the title claims too much. 

The first short chapter discusses the problem of phrasing 
a weather forecast. The next ten are concerned with fore- 
casting the movement of pressure and weather systems, by 
various rules devised mainly for, and in, the eastern United 
States. Chapter 12 is a fairly comprehensive one on fog 
forecasting. The next three deal with rain and severe 
weather, Chapter 16 with upper air temperature and winds, 
Chapter 17 (very short) with uses of radar, and the last 
long chapter with special characteristics of several of the 
airports used by Eastern Air Lines. 

Practising forecasters will derive much stimulus from it, 
but other students will find it unsatisfactory, because it does 
not deal with principles. The standpoint is very much 
that of the “indoor forecaster” and almost no reference 
is made to clouds. It is therefore of limited value to 
aviators, and is designed almost entirely to help the fore- 
caster produce the aviation forecast, assuming that he 
and the aviator have a training in basic principles which 
will enable them respectively to understand the text and 
the proper use of the forecast.—R. S. SCORER. 


ORDINARY DIFFERENTIAL EQUATIONS AND THEIR 
SOLUTIONS. G. M. Murphy. Van Nostrand, London, 
1960. 451 pp. 64s. 

The aim of this book is to provide a systematic method 
of finding the solution of any ordinary differential equa- 
tion. This is indeed a formidable task, and the author is 
to be congratulated for producing such a valuable hand- 
book. One thing must be made clear from the start: this 
is not intended as a textbook giving an introduction to 
the subject. Indeed, it may be said that this is not a book 


to be read, but to be consulted, a Bradshaw rather than , 
Ward and Lock. The emphasis the whole time is on the 


solution (and by this we mean the solution in terms of | 


real quantities) and many references are given to other 
standard works on differential equations and _transcep. 
dental functions which may help to amplify a difficyl 
point or to explain a piece of mathematical jugglery. 
Two alternative procedures are adopted. The inquirer 
goes (a) to Part I and follows clear directions which will 
often make it possible to classify the given equation as , 
special case of a more general type, or (b) to Part J], 
which contains more than two thousand ordinary differ. 


ential equations arranged in a systematic order. The! 


author is a Professor of Chemistry, and the clear manner 
in which the solution is tracked down (in Part I) reminded 


one reader of the standard method of tracing the identity | 
of a chemical substance, although the results in the present 


case will not be so colourful or so pungent. 


A very full treatment of singular points is given, and 
there is a very impressive list of solutions of non-linear | 


differential equations. Possibly here some advice should 
have been given on non-linear equations, the solution of 
which can be derived from a linear equation. Not much 
is said on inhomogeneous equations—Struve’s functions 


are not mentioned, but these are minor criticisms of a_ 


noble endeavour. 


There is good cross-referencing from Part II to Part |, | 


possibly not so good in the reverse direction (this could be 
considerably improved if the “ 


should be mentioned that the solution of sets of simul 
taneous differential equations is (quite properly) not in- 
cluded. However, for any person confronted with a non- 
linear differential equation or with a linear differential 
equation with varying coefficients, this book is invaluable. 
Before you fly to DEUCE, consult MURPHY—the 
answer may well be at hand.—a. W. BABISTER. 


THE INTERNAL COMBUSTION ENGINE IN THEORY 
AND PRACTICE, Volume I. Charles Fayette Taylor. Tech 
nology Press of the Massachusetts Institute of Technology and 
John Wiley, New York (Chapman and Hall, London), 1960. 
574 pp. Diagrams. £6 8s. Od. 

The well-known author of this new work on the Internal 
Combustion Engine is Professor of Automotive Engineer- 
ing at M.I.T. His many years of experience and achieve- 
ment and his outstanding position both as an engineer and 
educator at M.I.T. provide a sure guarantee that this book 
will be good value for money. 

The present volume deals with thermodynamics, fluid 
flow and performance. The subjects of combustion, fuels, 
materials and design are to be covered in the second 
volume in preparation. 

One of the main difficulties in avoiding a reference 
book style, in order to make a new text book on internal 
combustion engines attractive to a wide audience, as this 
book undoubtably is, is to present the subject matter clearly 
enough for the reader to fit the information into his own 
scientific background. The author has achieved this 
clarity to a high degree by taking away all but the essential 
data to make the desired point. When one reflects on the 
masses of empirical data that must go into preparing this 
work, and one notes with relish the absence of partially 
digested research results which have marred other books 
on the same subject, one can but admire the style in which 
this one has been written and produced. 

The internal combustion epgine is no simple piece of 


index of equation types,” | 
at the end of the book, was inserted in the body of Part |), | 
From the applied mathematician’s point of view, it | 


= 
—_ — 
| it int 
by si 
can | 
| and 
seem 
| hand 
heat 
grast 
betw 
| whic 
long 
T 
first 
engi 
varic 
whe 
tem] 
one, 
| engi 
, matt 
view 
seri¢ 
sent 
: othe 
It is 
| ence 
| chay 
AV! 
Illus 
De 
Get 
| Oct 
and 
and 
| as 
onl 
mis 
| of 1 
anc 
wic 
are 
of 
an 
fre 

dey 
arr 
an 
| hig 
los 
ob 
jus 
| an 
vie 
ba: 
tin 
filt 


THE LIBRARY—REVIEWS 


mechanism, and there is a danger in trying to squeeze 
it into a framework of idealised elements to be treated 
by simple theoretical concepts. For example heat losses 
can be correlated by the use of “overall Nusselt numbers” 
and “ overall Reynolds numbers,” but this treatment will 
seem very impractical to many engineers. On the other 
hand, students with a basic knowledge of the principles of 
heat transfer will find such concepts simple enough to 
grasp, if difficult to apply. To strike the best balance 
between the use of empirical relationships and a theory 


_ which applies exactly only to an idealised element has 


long been the problem of the research worker in this field. 
The book provides a full account of a number of facets 


| of the piston engine coming within the compass of the 


first volume, particularly in the case of frictional losses 
and breathing capacity, both for two-stroke and four-stroke 
engines. For breathing capacity, the effects of the several 
variables on ‘‘ volumetric efficiency” are given. The 


- concept of the cylinder capacity being less than unity, 


where the mass of gas contained in a full cylinder at inlet 
temperature and pressure is taken as the unit, is the usual 
one, although it leads to difficulties with highly boosted 
engines and high exhaust pressures. Some interesting 
matter is given concerning compressors and exhaust tur- 
bines, and on the design of two-strokes from the point of 


' view of scavenging requirements. 


For students of the subject, a valuable feature is the 
series of worked examples with each chapter. These repre- 
sent many hours of painstaking work to the author. An- 
other worthwhile feature is the care taken with the units. 


| Itisa pleasure to find a careful explanation of the differ- 


ence between the 1 Ib. force and 1 Ib. mass in the opening 


chapter.—A. W. MORLEY. 


AVIONICS RESEARCH. E. V. D. Glazier, E. Rechtin and 
J. Voge (Editors). Pergamon Press, Oxford, 1960. 257 pp. 
Illustrated. 63s. 

The impact of Space Technology on Research and 
Development was taken as the theme of the Eighth 
General Assembly of AGARD held in Copenhagen during 
October 1958. A symposium on the problems of detecting 
and tracking satellites was arranged by the Avionics Panel 
and this volume contains nineteen of the papers presented. 

Information concerning the presence and position of 
a satellite can be carried across free space to the earth 
only by electromagnetic radiation and, since serious trans- 
mission losses occur in the atmosphere over a large part 
of the spectrum, such communication is restricted to optical 
and radio frequencies. Optical techniques have been 
widely used for satellite observations, but such methods 
are severely limited by the weather and, with the exception 
of one paper describing observations on the re-entry of 
an I.R.B.M., this book is entirely concerned with radio 
frequency problems. 

The papers, which are in themselves complete and in- 
dependent contributions to the symposium, are well 
arranged to carry the reader logically through the subject, 
and one of the merits of the book is that it succeeds in 
highlighting specialised aspects of the work without 
losing the general theme. 

To the radar specialist, a satellite represents a small 
object at extreme range, and its detection may be seen as 
Just one problem in the general quest for greater range 
and discrimination. The early papers take this point of 
view, and the book opens with an excellent paper on the 
basic principles of radar observation. Several illumina- 
ting parallels are drawn, including that between aerials, 
filters and waveforms. 


The subject matter of the book moves from the general 
to the particular, and most of the major aspects of radar 
are touched upon in the first half, which contains all the 
theoretical papers. Aspects of the statistical treatment 
of radar observations, target scattering, propagation and 
extra-terrestrial noise are considered, and there are five 
papers on the ionosphere, which presents many special 
problems. Proposals are made to detect satellites by the 
ion trails they form and some experiments to this end 
which have been attempted, are described. However, the 
difficulties are considerable and the observations suspect. 

The last eight papers discuss some successful attempts 
to track Russian and American satellites. The two tech- 
niques considered are radar and direct observation of 
radiated signals. The latter is most successful and many 
refinements are described, such as orbit prediction from 
the measurement of changing Doppler frequency. 

More specific and stimulating than an overall survey 
and less tedious than the usual Proceedings of International 
Scientific Conferences, the book undoubtedly succeeds in 
its declared task of highlighting profitable areas of re- 
search. Reference books, text books and professional 
journals are common in the science of Applied Physics 
but, presumably for reasons of publishing economics and 
considerations of national security, informed comment on 
advanced aspects is hard to find. The book helps to meet 
this general need in applied science and is, therefore, to 
be welcomed.—s. J. ROBINSON. 


NUCLEAR PROPULSION AND ENGINEERING FOR 
ENGINEERS. Demetrios G. Samaras. The Technical Chamber of 
Greece. 1959. 701 pp. Diagrams. 

This book is based on a course sponsored by the Ohio 
State University and a European lecture tour. The intention 
is to produce a book which would be of assistance to the 
engineer conversant with conventional propulsion during the 
transition to the more novel though, nevertheless, now 
feasible form of nuclear propulsion. While the basic theory 
contained is universally applicable to propulsion, the Aviation 
aspect is of particular concern. 

Following a short introductory chapter reviewing the 
fundamentals and historical development of propulsion, six 
chapters are devoted to dealing with the properties of the 
nuclear structure, the concept of Energy Mass Equivalence, 
and the establishment of the Nuclear Field are examined 
before proceeding to a discussion on Radioactivity. From 
this the Nuclear Reaction is developed and, while Fusion is 
mentioned, Fission is the main consideration, with extensive 
cover being given to the associated dynamics and the intro- 
duction of the neutron trigger with various nuclei and 
particles. 

From the theoretical the author then proceeds to devote 
some three chapters to a general discussion of reactor types 
with particular reference to the Thermal Neutron Homo- 
geneous types, including notes on critical reactors and 
reflector theory. The final chapter in this section dwells on 
the problem of Unsteady Operation and Control. The 
latter consideration poses the problem to be combatted in 
providing the accepted pattern of control in this new mode of 
propulsion and provides a comprehensive review. 

The concluding chapters are devoted to the more practical 
features of the construction. The fuel and the construction 
materials of the reactor and its auxiliary equipment, together 
with the requirement for comprehensive shielding, are 
investigated. From this, the direct transformation of the 
nuclear energy into an acceptable propulsion system is 
developed and, finally, the application to the field of Aviation 
is considered. 
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The initial aim of the book has undoubtedly been achieved; 
the clarity of presentation makes for easy reading, but a 
minor criticism may be made in so far as certain of the 
numerous diagrams are not particularly well printed. While 
it cannot be regarded as a text book on Nuclear Physics, 
this is not the intention, and the need to explore a given point 
further is more than adequately catered for by a compre- 
hensive bibliography. Additionally, the setting of problems 
at the end of each chapter allows the reader to check his 
own understanding of the context and ability to use the 
relevant tables added as an appendix.—a. SYME. 


BRITAIN’S IMPERIAL AIR ROUTES 1918 TO 1939. Robin 
Higham. G. T. Foulis, London. 1960. 407 pp. Illustrated. 42s. 
This is the most comprehensive history yet produced of the 
first two decades of British air transport. Its main concern is 
with Imperial Airways and its predecessors but to some 
extent it also covers British Airways and its subsidiaries. 

The author has undertaken an enormous amount of 
research; it does credit to nobody in Britain that financial 
help in making this possible had to come from the Research 
Council of the University of North Carolina. 

The result of this research has been to put before the 
reader much hitherto unpublished information, such as 
Daimler Airway’s costs and revenue, and to list compre- 
hensively the source of much other relevant material. 

Mr. Higham traces the development of European routes 
and then the routes to India, Australia, Africa, the Far East 
and North America. He gives much space to the political 
problems in developing these routes but, regrettably, in my 
view, gives no picture of the great pioneering effort involved 
in the conquest of terrain, climate and technical problems. 
It must be remembered that Imperial Airways really pioneered 
and that the establishment of the routes to India and across 
Africa were achievements made possible only by vision, an 
enormous amount of hard work and, to some extent, an 
acceptance of risk. The author places too much emphasis 
on Whitehall and not enough on the deserts, mountains and 
swamps where the job was being done. 

There is a large amount of useful material—of use to the 
student of air transport and to those engaged in this business, 
but it is necessary to warn that caution be exercised in using 
this work as a source for reference. Mr. Higham has not 
always drawn the right conclusions from his research and 
there are some inaccuracies. For example, Mr. Higham 
states that as soon as Lufthansa began operation to London 
the airline introduced three-engined Junkers with a payload 
of 6,000 Ib. In fact D.L.H. began the service with single- 
engined monoplanes and also used Rohrbach Rolands before 
progressing to the three-engined Junkers. 

The statement that the Calcutta flying-boat service 
between Liverpool and Belfast was withdrawn because of 
weather is not true; it was operated only in connection with a 
Liverpool Civic Week. 

Nevertheless, these are small points; we must be grateful 
to Mr. Higham for producing this history which fills a gapin 
the records of British aviation.—JOHN STROUD. 


THE CHEMISTRY OF PROPELLANTS. Edited by S. S. 
Penner and J. Ducarme. Pergamon Press, London, 1960. 
651 pp. Illustrated. 70s. 

Twelve papers were presented at a meeting entitled, 
“ The Chemistry of Propellants” which was organised by 
the A.G.A.R.D. Combustion and Propulsion Panel and 
held in Paris in June 1959. 

After reviewing the papers presented at the meeting, 
the Editors decided to arrange the papers according to 
the following scheme: propellant sources and costs, liquid 
propellants, solid propellants, propellants for air breathing 


engines, selected basic studies and discussions on basic 
problems in propulsion. 

In the first paper, S. H. Dole and M. A. Margolis giye 
the prices of various well known propulsion systems and 
attempt to estimate the effect of production rate on the 
costs of more exotic propellants such as perchloryl fluoride, 
which, at present, are only available in laboratory quanti. 
ties. Relative costs of solids, storable liquids and cryo. 
genic propellanis are also discussed in general terms and 
graphs of vehicle cost against engine total impulse are 
devised for three undefined propellant systems of the same 
specific impulse. As a consequence, no useful conclusions 
are reached on this comparison and it is clear that much 
more information and more detailed discussions will be 
necessary to provide a clear picture of the relative costs 
of solids and liquids. 

The second paper by R. J. Thompson might have been 
better included in the “selected basic studies” section, for jt 
deals with theoretical calculations of the performance of 
propellants. Effects of frozen and shifting equilibrium 
and mixed phase flow of specific impulse are discussed, 
This paper was one of the most poorly reproduced ones 
in the book, for example, Table ix, Page 59, was faint and 
almost unreadable in places. Tables on pp. 110 and III 
were printed untidily and in very small! print. The photo- 
graphs were lacking in contrast and definition. 

Seiecting liquid propellant systems for a given applica- 
tion is the topic of the third paper by D. C. Armstrong 
and in it he states that some excellent propellant combina- 
tions are being overlooked in present development work. 
Some experimental work on liquid propellants is described 
in a paper by S. Greenfield and he concludes that future 
research work will centre around storable liquid propel- 
lants and high energy fluorine bearing systems. 

Solid propellants are the subject of the next series of 
three papers. In the first of these S. Steinberger compares 
the merits of three methods of manufacturing double base 
propellant grains and decides that the casting process is 
the most versatile. Composite propellants are considered 
in detail by P. Tabernier and J. Boisson, who describe how 
a wide range of physical properties can be given to a com- 
posite propellant by the judicious choice of a_ binder. 
Propellant burning rate is dependant on chemical com- 
bustion, burning pressure, propellant temperature and a 
gas speed over the grain surface. G. H. S. Young gives 
a review of the unclassified literature on propellant burn- 
ing rates and makes some comments on the ballistic 
properties of currently available U.K. propellants. From 
this paper it seems that until some new oxidant, or new 
propellant based on fluorine chemistry is used, not much 
extension of burning rates is likely. 

M. Barrére and G. Frangais, and E. Perchonok, discuss 
fuels for air breathing engines in detail in the next two 
papers. J. F. Morris deals, at some length, with internal 
and external flow problems in hypersonic vehicles. 
Deposits in jet engines, their formation and the loss in 
performance resulting from them are discussed by 
R. Breitwieser. 

Several authors in the book consider fluorine to be 
a chemical with a future in rocket propulsion but W. G. 
Parker and J. Ruston feel that although fluorine offers 
some gains in performance it will be too toxic and danger- 
ous a propellant to use. They consider that hydrogen, in 
conjunction with nitric acid and hydrogen peroxide will 


- offer sufficient improvement in performance over more com- 


monly used liquids without being particularly hazardous. 
At the end of the book there is one of the most inter- 
esting parts in which some basic propulsion problems are 
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discussed. This discussion is often concerned with the 
solids-v-liquids wrangle, but there are some comments on 
the application of air breathing engines to space vehicles 
and electro-magnetic and nuclear propulsion systems. 
Although the book collects together a wide and inter- 
esting series of papers, while reading them one can feel 
the inconvenience caused by the lack of important un- 
classified literature. To those avidly interested in rocketry, 
and yet not having access to classified literature, the book 
will be useful, but, considering the time taken over 
preparation, and the cost of the book, the printing and 
photographs are in places poor.—K. W. PEARCE. 


PROPULSION SYSTEMS FOR SPACE FLIGHT. William 
R. Corliss. McGraw-Hill, London, 1960. 300 pp. Illustrated. 
77s. 6d. 

The reviewer looked forward to reading this book, 
hoping to gain from it a perspective view of the many 
ideas on propulsion systems which are competing in men’s 
minds for use in space flight. This review is intended 
to show how far these hopes have been fulfilled. 

There is a considerable literature on the subject, as the 
extensive bibliography at the end of this volume demon- 
strates, and the author of a survey of this kind is faced 
with the difficult problem of tailoring his work to suit 
the audience he has in mind. The reviewer’s first specula- 
tion was to wonder for whom the book was intended, 
within the wide spectrum from the complete novice to the 
propulsion expert. My conclusion is that the intelligent 
layman with a scientific bent will follow the arguments, 
provided he is prepared to accept without explanation the 
basic equations of the various scientific disciplines. The 
propulsion specialist will find the treatment of his own 
subject somewhat cursory but will read with interest the 
account of other systems. He may not agree in detail 
with the mode of assessing comparative worth but he will 
appreciate the author’s essay in differentiating between the 
systems discussed according to their appropriate missions. 
The author attempts little development of the theories 
behind the different propulsion systems: in this he is quite 
certainly wise as the book would have become unmanage- 
ably bulky. The biliography gives ample scope for the 
reader to follow any subject that particularly interests him. 

A brief outline of the contents shows the breadth of 
the field which the author has covered. The main para- 
meters on which the systems must be judged are derived: 
these include specific impulse, system thrust /weight ratio, 
duration of thrust and the less easily quantified variables 
such as reliability and state of the art. The particular 
hazards of space as a missile environment are discussed. 
The key chapter is that devoted to power generation in 
Space, where transportable and environmental energy 
sources are compared and means of energy conversion and 
of heat rejection in outer space are considered. The follow- 
ing chapters give a more detailed discussion, which in- 
cludes the problems involved, of thermal and electrical 
propulsion systems, nuclear-particle generators, photonic 
propulsion systems and propulsion systems using natural 
force fields: the author regards these latter with some 
scepticism. The final chapter summarises the review and 
Presents the author’s conclusions on the probable useful- 
hess of the systems considered. 

Included is a glossary of terms used in the context of 
space propulsion. This is a practice to be recommended 
when a young technology is being treated, although a few 
of the entries in this book seemed either unnecessary or 
unhelpful. The tables and figures are a valuable part of 
the presentation: little space has been given to “ artist’s 


impressions ” and some figures (e.g. Figs. 2-5) are ingeni- 
ous. From the point of view of style, Chapter 2 made 
too many back references for easy reading. Thereafter 
the subject matter was sufficiently enthralling to carry the 
present reviewer over certain infelicities of writing. A few 
textual errors were noticed: on p. 35 reference is made to 
Table 2-1 when Section 2.11 seems to be intended: on p. 45 
it is stated that certain curves appear on Figs. 2-23 when 
in fact they do not: some of the asterisks for reference 
to the Glossary are wrongly placed: Table 4-6 contains 
the material referred to as Table 4-7 and vice versa: in 
Fig. 5-19 the middle curve seems to be wrongly labelled. 

The author refers to one of his sections as “ designed 
to temper enthusiasm but not to discourage enterprise.” 
This attitude pervades his whole book so that it presents 
both a useful survey and a balanced picture of the world 
of space propulsion.—c. C. A. RUSTON. 


HANDBOOK ON TORSIONAL VIBRATIONS. British 
Internal Combustion Engine Research Association. Cambridge 
University Press, London, 1958. 664 pp. Illustrated. 110s. 


The principal object of B.I.C.E.R.A. is to promote 
scientific work in connection with the internal combustion 
engine. With the present-day trends of higher power output, 
increasing running speeds, and materials being stressed to the 
maximum, the importance of torsional vibration conditions 
within engines becomes of greater importance. It is obvious 
glancing through the book that the member companies and 
the Association have spent time and money in answering 
problems associated with torsional vibrations. 

The book is divided into four main parts, and deals in 
turn with Preliminary Calculations and Measurements, 
Evaluation and Prediction of Torsional Vibration Stresses, 
Design and Operation of Various Devices for Limiting 
Vibration, and Instrumentation Equipment. The information 
is presented in a way which will be useful to designer and 
student alike; the definitions have been presented with a 
sufficient amount of mathematics, and the book contains a 
valuable number of references, enabling a wider knowledge 
to be obtained of specialised branches. 

From the design point of view, recommended methods and 
formulae are given, followed by examples and graphical 
methods, and from the development point of view descriptions 
of test procedures, rigs and instrumentation are given in 
detail, together with the precautions to be taken, and the 
order of accuracy to be expected from results. 

In the Foreword Lord Falmouth has stated that it is not 
claimed that the book provides a complete and final answer 
to all torsional vibration problems; this would be a very 
wide claim, but in the book’s 663 pages, liberally illustrated 
with plates, figures and diagrams, it certainly provides a very 
valuable contribution to the knowledge of the subject. The 
book is expensive but even so should be bought by, or 
available to, all engineers interested in Torsional Vibration 
Problems.—J. H. DUNMORE. 


NAVORD REPORT 1488 (Vol. VI), Handbook of Supersonic 
Aerodynamics, Section 18, SHOCK TUBES by I. I. Glass and 
J. G. Hall. A Bureau of Naval Weapons Publication, Washington 25, 
D.C., 1959. 642 pp. Diagrams. $3.75. 

The familiar Handbook of Supersonic Aerodynamics has 
now been extended to cover Shock Tubes in this latest volume 
of the series. Its 642 pages are divided into 7 parts which 
include 338 Tables and Figures, and 444 References. 

Following a brief introduction to the general scope of the 
book in Part 1, an excellent treatment of the performance of 
simple constant-area shock tubes is given in Part 2. Firstly, 
a full exposition is given of the basic gas-dynamic properties 
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of rarefaction, compression and shock waves; subsequently, 
the separate wave systems are combined to analyse the flows 
occurring in simple shock tubes of finite length. Every 
possible wave-interaction process is covered in this exhaustive 
section. Reflection at boundaries, refraction at contact 
surfaces, head-on collisions and overtaking of shock waves 
and rarefaction waves are evaluated; and the nature of all 
possible resulting wave systems are clarified. 

Part 3 reports observed flows in constant area shock tubes 
and was written in early 1958. (Actually this volume is a 
slightly revised version of University of Toronto UTIA 
Review No. 12 dated May, 1958.) Since that date, significant 
advances have been made, particularly in the understanding 
of boundary layer growth and transition. Indeed, Reference 
95 of Section 5 by Hartunian, Rosso and Marrone clarifies 
the exposition of Section 3.2 while Anderson (J. Aero/Space 
Sci. Vol. 26, No. 3, pp. 184-5, March 1959) has successfully 
computed real gas testing times in agreement with experiment. 
He shows that the difference between the actual and the 
theoretical test time may be explained by the loss of test gas 
to the boundary layer behind the contact surface rather than 
to mixing of the driver gas and test gas at the contact surface. 

In Part 4 a comprehensive review is given of shock tube 
modifications designed for the production of strong shock 
waves. Comparative evaluations are made of multiple 
diaphragm and area change techniques for various gas 
combinations. These sections contain much useful data for 
the prediction of specific shock tube performance. 

Part 5 deals instructively with the multifarious appli- 
cations of shock tubes; their uses as intermittent wind 
tunnels, in aerophysics research and in chemical research are 
discussed. However, here (and again in Part 7) recent 
research has modified the emphasis of certain sections and for 
further reading the following are recommended :— 

1. D.W. Holder On the use of shock tunnels for research 
D. L. Schultz on hypersonic flow. Paper presented to 

Second International Congress of the 
Aeronautical Sciences, Zurich, 1960. 
(See also ARC 22152.) 

2. A.R.Collar Hypersonic flow. A Symposium. Butter- 
J. Tinker (eds.) worths, London, 1960. 

3. A. Hertzberg Studying hypersonic flight in the shock 
C.E. Wittliff tunnel. IAS Paper 60-67. July 1960. 
Shock tube design and construction are dealt with briefly 

in Part 6 and some useful diaphragm data is given. More 

emphasis might have been given to the practical difficulties 
associated with a typical shock tunnel installation, particularly 
where driver volumes of several cubic feet at pressures up to 

4,000 atmospheres are required in close proximity to dump 

volumes of several hundred cubic feet under vacuum of a 

few microns. 

In the final Part 7 a comprehensive review of shock tube 
instrumentation is made and this should prove valuable to 
experimenters entering the shock tube field. More recent 
developments, particularly force measurements, are described 
by Hertzberg and Wittliff in their above mentioned paper. 

This 34 lb. volume offers amazing value for $3.75 and is 
strongly recommended to everyone imerested in unsteady 
gas dynamics.—BRIAN D. HENSHALL. 


THERE SHALL BE WINGS: A HISTORY OF THE ROYAL 
CANADIAN AIR FORCE. L. Roberts. Harrap, London, 
1960. 290 pp. Illustrated. 21s. 

In recent years, a number of histories of Common- 
wealth Air Forces have been published and have helped 
to put into perspective the tremendous contributions to the 
War effort which these services made during the Second 
World War. There Shall Be Wings tells the story of the 
Royal Canadian Air Force and is written by a well-known 


Canadian author who has previously written much 
aviation subjects, and who has obviously undertaken, with 
the R.C.A.F.’s help, a great deal of research in the prepara. 
tion of this book. The result is a satisfactory, if at time 
rather pedestrian, history which does its job adequately by 
is hardly likely to be read with much enjoyment by anybody 
who does not have some special interest in the R.C.A.F, No 
doubt that Service has a requirement for a popular history 
for its own purposes and this probably explains the help i 
has given Mr. Roberts. The R.C.A.F. may feel the resyl; 
is adequate but it is a pity that such an exciting story could 
not have been given a more general appeal. 

Surprisingly enough, the best part of this book is tha 
dealing with the R.C.A.F.’s civilian activities in opening. 
up Canada’s Wilds, and particularly the Far North, between 
the Wars. Much of the material here has not been pub. 
lished before and makes interesting reading. 

This reviewer was seconded to the R.C.A.F. for a time 
during the War, has close family ties in Canada and, in. 
deed, bought his copy of this book across the bar ofa 
R.C.A.F. Officers’ Mess. in Central Canada not many months 
ago. In spite of these allegiances, it must be admitted that 
he was disappointed in this book particularly after having 
recently re-read Frank Ellis’ remarkable Canada’s Flying 


Heritage which is an altogether admirable general history ; 


of Canadian Aviation, although it is not sufficiently known 
in this country. However, Ellis—unlike Roberts—is not 
primarily concerned with the R.C.A.F. so that there 
remains a requirement for a completely adequate Air 
Force history.— PETER W. BROOKS. 


DESIGN AND PERFORMANCE OF GAS _ TURBINE 
POWER PLANTS. W. R. Hawthorne and W. T. Olson 
(Editors). Oxford University Press, London, 1960. 563 pp. 
Illustrated. 105s. 


This book is Volume XI of High Speed Aerodynamics 
and Jet Propulsion produced by the Aeronautics Publica- 
tion Programme of Princetown University. The main 
subjects are Combustion, Mechanical and Metallurgical 
Aspects, Flutter in Blading, and Performance of the Gas 
Turbine. The authors are prominent scientists in their 
fields. British contributions come from W. R. Hawthorne 
(Cambridge), P, Lloyd (N.G.T.E.) and D. H. Mallinson 
and S. J. Moyes (N.G.T.E.), who are concerned with 
chapters on General Considerations, Combustion Chamber 
Requirements and Processes, and Performance, respec- 
tively. This contribution to the store of international 
aeronautical literature is a further tribute to the genius 
of Dr. Theodore von Karman and his inspiration and 
enthusiasm for co-operation between the acknowledged 
leaders in Aeronautical Science of the Western World. 

In the words of Orowan and Soderberg from the section 
on Mechanics of Materials, the gas turbine “is a typical 
instance of a device that was relatively easy to invent but 
difficult to make work.” The blind faith that Whittle and 
other early enthusiasts applied to their primitive machines 
carried them forward. But at each successful step a whole 
host of new problems appeared. As the horizon widened 
masses of empirical data were painstakingly accumulated, 
only to appear later as of no lasting significance. 

It is a particularly heavy task to sort out the funda- 


mental knowledge in combustion and materials from the . 


mountain of work over the past twenty years, and then to 
present it in readable form. The science of combustion 


_ is still groping for a concise fundamental theory. Never- 
theless the supporting techniques—fiame stabilisation, | 


mixing and burning in a fast moving stream, fuel techno- 
logy—have reached the stage where a designer can be sure 


> 


| 
HE 
of a 
effici 
Witt 
prin 
theo 
struc 
cree 
a th 
| 
are 
sion 
The 
of e 
are 
of t 
| 
EI 


THE LIBRARY—ADDITIONS TO THE LIBRARY 73 
ch % F of astonishingly high rates of heat liberation with high There is an interesting chapter by J. R. Schnitter of 
» With F efficiency and good engine behaviour from the fuel system. the Swedish Ljungstré6m Company on Flutter Problems 
— With materials the high temperature properties remain the in Gas Turbines. There is, as yet, no way of accurately 
vie principal limitation and again we still await a workable predicting the stresses in a blade under vibration except 
nak theory which will relate desirable properties to atomic perhaps by trial and error, and new evidence cannot be 
" No structure. In the account given of plastic deformation, readily assessed on an empirical basis. A clear exposition 

istor creep and fatigue, we cial haan of the — lications which of vibration theory is therefore of particular value. 
The outstanding sections of this book are those which 

it The established methods of performance analysis and the 
” contain the most material, namely combustion and 


result F determination of the so-called “equilibrium running points 
could are well explained in terms of the well-known non-dimen- 
sional parameters and maps of component characteristics. 
that These methods are extended to the more complicated forms 
hing: § of engine including engine intake matching problems. They 


materials, and the former comprises about sixty per cent 
of the book. But the whole is well produced, in excellent 
style, with clear type and figures. It will be a strong in- 
centive to the reader to look for more in the companion 


studies. The presentation emphasises the relationship 


ween § are simple and form the basis of a thorough understanding volume dealing with the Aerodynamics of Compressors 
Pub F of the gas turbine as a power source. and Turbines.—a. w. MORLEY. 
time : 
, in Additions to the Library 
Aerodynamics for Engineering Students. E. L. Houghton and Flight Facts for Private Pilots. M. E. Tower. Aero Publishers, 
th A.E. Brock. Arnold, London, 1960. 440 pp. Diagrams. Los Angeles. 1960. 216 pp. Illustrated. Glossary. 5 dollars, 
- 45s. To be reviewed. Published especially for the student and private pilot, this 
ving | Aeronautics and Astronautics: Proceedings of the Durand is an easy-to-follow book covering the “fundamentals of 
ying Centennial Conference held at Stanford University 5th-8th flying’ that a pilot needs before he can obtain his Private 
tory August 1959. N. J. Hoff and W. G. Vincenti. Pergamon, Pilot’s Certificate as issued by the United States Federal 
own Oxford. 1960. 460 pp. Illustrated. £4. Contains the Aviation Agency. Profusely illustrated to explain the 
not authoritative proceedings of the conference held at Stanford theory of flight, aeroplane control, take-off, cruising, 
here University to celebrate the one hundredth anniversary of the landing, structures, power plants, flight preparation, 
Air birth of William Frederick Durand. Leading experts from weather and how to use it, how to navigate, radio navi- 
the United States, Canada and Europe, among them H. L. gation, cross-country flying, instruments, and attitude in- 
Dryden, Th. von Karman, Sir Geoffrey Taylor, L. Broglio strument flying. Glossary of aeronautical terms included. 
INE and A. Ferri, presented nineteen papers to the conference. Hearings before the NASA Authorization Subcommittee. 
Ison | Agard Aeronautical Multilingual Dictionary. G. H. Frenot and U.S. Committee on Aeronautical and Space Sciences. 
p.} &H. Holloway (Editors). Pergamon, Oxford. 1960. U.S.G.P.O., Washington (H.M.S.O., London). 1960. 573 
300 pp. £7. Reference only. To be reviewed. fa pp. 15s. 9d. Deals with the allocations for 1961 and gives 
Aircraft Engines of the World 1960/61. Paul H. Wilkinson. verbatim reports of professional witnesses’ evidence. 
nies The Author, Washington. 1960. 288 pp. Illustrated. Hovercraft. Angela Croome. Brockhampton Press, Leicester. 
ca- (Obtainable from Pitman, London). The sections are Gas 1960. 72 pp. Illustrated. 15s. A short illustrated history 
ain Turbines and Rocketjets; Reciprocating Engines; Equip- of hovering craft, from Leonardo da Vinci’s ornithopter, 
cal ment and Materials; Aircraft and their Engines; and through autogiros and helicopters, to the Hovercraft. 
Fas Miscellaneous, which includes an index of engines 1953-9, Hyperstatic Structures. J. A. L. Matheson and A. J. Francis. 
aie conversion factors, aviation fuels and lubricating oils and Butterworth, London. 1960. 282 pp. Diagrams. 60s. 
the index of contents. Each type has cne page devoted to it To be reviewed. 
z (described in the preface as ‘“‘standardized unit page Impact: the Theory and Physical Behaviour of Colliding 
descriptions”)—a layout that has been aimed at since 1952. +. 
ith 105 of the illustrations are new. 
Der Brittle Fracture of Steel, The. W. D. Biggs. Macdonald and Introduction to Astrodynamics, An. R. M. L. Baker and 
al Design Principles for a General Control Computer. R. Alonso 358 7.50 dollars. To be reviewed. : P 
us and J. H. Laning. LA.S., New York. 1960. 106 pp. 6 
nd dollars (members 3 dollars). Sherman M. Fairchild od I N : 
od Publication Fund Paper No. FF-29, it describes a set of Yc illu 4 (2 doll; 
techniques for the design of computers suited for outer 
space and other airborne control applications members). Sherman F. Fairchild Fund Paper No. FF-27, 
® § Elementary Mechanics of Turbulent Fluid Motion. M. M. this is prepared by three members of Massachusetts 
al Munk. Institute of the Aerospace Sciences, New York. Institute of Technology; it outlines, and gives results of, 
ut 1960. 146 pp. 4 dollars (2 dollars to members). Sherman the analytical approach (including the development of an 
d M. Fairchild Fund Paper No. FF-28, this paper gives the analogous electric suspension), gives operating data and 
findings of research supported by the U.S.A.F. The author discusses 
le is in the Department of Mechanical and Aeronautical at Low Tem- 
4 Engineering at the Catholic University of America. peratures: A Compilation from the Literature. R. M. 
" Engineering Management (Second Edition). S. A. Robertson. McClintock and H. P. Gibbons. U.S.G.P.O., Washington 
Blacki 7 pp. 30s. First published (H.M.S.O., London). 1960. 179 pp. 13s. 6d. Monograph 
ie, London. 1960. 467 pp p 
twelve years ago, and written by a Senior Lecturer in 13 of the U.S. National Bureau of Standards, it has an 
. Mechanical Engineering at Battersea College of Tech- Introduction, many pages of graphs and 104 references. 
| nology, the text is founded on lectures given to University, Mechanisms and Motion. K. Hunt. English Universities 
) Higher National Certificate, and Diploma in Technology Press, London. 1959. 214 pp. Diagrams. 21s. The 
1 engineering students, and to others studying for the second of a series of textbooks for Engineering Degree 


examination of the Institution of Mechanical Engineers in 
Industrial Administration. In three parts, dealing with the 
art, science and practice of management. The revision 
takes into account the many changes in management and in 
industry that have taken place since 1948. 


between the analysis of linkage geometry and the prac- 
tical design proposed. Earlier chapters discuss vector 
notation and basic principles governing the relative 
motion of rigid bodies; these are followed by chapters on 
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the analysis of mechanism and on the general principles 
of constrained motion. The two final chapters introduce 
the reader to mechanisms in three dimensions and to 
further geometrical principles of general application. 
Exercises are included in each chapter. 

Monsters of the Purple Twilight. Ernest Dudley. Harrap, 
London. 1960. 218 pp. Illustrated. 18s. To be reviewed. 
Principles and Construction of Aircraft Gas Turbines, The. 
R. A. Fry. Pitman, London. 1960. 356 pp. Illustrated. 

50s. To be reviewed. 

Principles of Control Systems Engineering. V. del Toro and 
S.. R. Parker. McGraw-Hill, London. 1960. 686 pp. 
Diagrams. 112s. 6d. To be reviewed. 

: Society for Experimental Stress Analysis. 
Volume XVII, No. 2. C. V. Mahlmann and W. M. 
Murray (Editors). S.E.S.A. Cambridge, Mass. 1960. 
178 pp. Illustrated. Contains the 1958 William M. 
Murray Lecture “Mechanics Applied to Creep Testing’’ by 
Professor N. J. Hoff and eleven other papers: Photoelastic 
Study of Stress Wave Propagation in Large Plates; The 
Diffraction Grating Strain Gage; An Experimental Study 
of Erosion; Stress Analysis of a Reactor Head Closure; 
DAISY I—A System for Acquiring, Analyzing, and Plotting 
Strain Gage Data; Experimental Mechanics of Nuclear 
Power Reactors; Photoelastic Analysis of the Stresses 
around the Bottom of a Cylindrical Bore Hole due to Over- 
burden and Fluid Column Pressure; Some Exploratory 
Photoelastic Studies in Stress Wave Propagation; Stress 
Analysis of a Guided Missile Tail Section with Photo- 
elastic Coating; Static and Dynamic Testing of Flexible 
Torsional Couplings; Geometry in the Design of Stress 
Measurement Circuits, Improved Methods through 
Simpler Concepts. Also includes a list of members of the 
Society with their addresses. 

References on Fatigue, i959. American Society for Testing 
Materials. 1960. 88 pp. 4 dollars. With its tenth volume 
this valuable bibliography has established a set pattern. 
Each page contains eight references so listed that they can 
be cut up and pasted onto 5 x 3 catalogue cards. They are in 
alphabetical order of author and each entry consists of 
author, title, source and abstract with the reverse side 
blank. The complete set of ten (1950 to 1959) can be 
obtained for 18 dollars but to avoid currency complications 
orders can be placed through the B.S.I. 

Seventh Anglo-American Aeronautical Conference, October 
S5th-7th 1959. V. S. Tavitian (Editor). Institute Aerospace 
Sciences, 2 East 64th Street, New York, 21. 445 pp. 
Twenty-one papers and discussions. 26 dollars to non- 
members and 21 dollars to members. Orders should be 
placed direct with the Institute in New York. 

Economic Aspects ef Jet Operations. H. J. Gorecki. 
Centro per lo sviluppo dei Trasporti Aerei, Rome. 15 pp. 
Dr. Gorecki is Financial Director of I.A.T.A. 

Space Trajectories. Radiation Incorporated (Editors). 
Academic Press, New York. 1960. 298 pp. Diagrams. 
12 dollars. The fifteen papers, with verbatim discussions, 
presented at a two-day symposium, in December 1959, 
sponsored by The American Astronautical Society. The 
Advanced Research Projects Agency, and Radiation 
Incorporated. Covers orbit determination, trajectory 
computation and optimisation, computer design and 
programming and instrumentation. 

Stresses in Shells. W.Fliigge. Springer, Berlin. 1960. 499 pp. 
Diagrams. DM.58.80. To be reviewed. 

Survival Book, The. P. H. Nesbitt et a/. Van Nostrand, New 
York. 1959. 338 pp. Illustrated. 56s. 6d. A manual of 
survival—in desert, jungle, or polar regions, or on the 
water—with complete instructions on summoning rescue. 
The information concerns pilots, frequent air travellers, 
expedition leaders, and outdoor adventurers. 

Symposium on Durability and Weathering of Structural 
Sandwich Constructions. Special Technical Publication 270, 


A.S.T.M., Philadelphia. 1960. 71 pp. Illustrated. 3 dollay 
Includes the seven papers presented at two technigi 
sessions held in October 1959, during the Third Pagife 
Area National Meeting of the Society at San Franciges 
sponsored by the American Society for Testing Materials 
Committee C-19 on Structural Sandwich Constructions 
Symposium on Newer Metals. Special Technical Publication 
No. 272, A.S.T.M., Philadelphia. 1960. 218 pp. Illustrated 
7.25 dollars. The symposium was in three sessions at the 
Third Pacific Area National Meeting in San Franciseg jp 
October 1959. The first session, Properties of Refractory 
Metals, included papers on high-temperature testing 
methods and properties of molybdenum, tantalum, 
columbium, and the platinum-group metals: the second, 
Nuclear and Light Metals, contained papers on beryh 
lium, zirconium, and yttrium; the third, Processing of 
Newer Metals, purificationd and fabrication of colum 
bium, tantalum, molybdenum, chromium, and lithium 
Temperature-Induced Stresses in Solids of Elementary Shape, 
L. H. Adams and R. M. Waxler. U.S.G.P.O., Washington 
(H.M.S.O., London). 1960. 27 pp. Tables. 2s. % 
A National Bureau of Standards Monograph (No. 2), it 
deals with the computation of stresses in a slab, a sphere or 
in a cylinder subjected to either of two modes of heating 
After page 6, the rest of the work consists of tables. 
Theory of Thermal Stresses. B. A. Boley and J. H. Weiner, 
Wiley, New York. 1960. 586 pp. 124s. To be reviewed, 
Translation from Russian for Scientists. C. R. Buxton and 
H. S. Jackson. Blackie, London. 1960. 229 pp. Glossary, 
30s. Designed primarily to enable the scientist to acquing 
an adequate reading knowledge of Russian, this is 4@ 
useful and timely publication; it is not, nor is it intended 
to be, a short cut to reading technical Russian. It intro 
duces the reader to the alphabet by means of scientific 
words that are similar to their English counterparts, and 
from there to essential grammar and translation passages 
taken from various scientific spheres. The book can als 
be used as an introduction to a more detailed study of 
the language. 
World of Mathematics, The. Volumes 1-4. James R. Newmai. 
Allen and Unwin, London. 1960. 2,535 pp. 7 guinea 
(4 volumes). To be reviewed. 


S.A.E. PREPRINTS 
National Aeronautic Meeting (Los Angeles October 196) 


2324 A comparison of four auxiliary power systems § 
short-duration missile applications. D. T. A. Millet 

2344 Missile and space vehicle non-propulsive power 
concepts. D. K. Breaux et al. 

237A Flight characteristics of the DC-8. O. R. Dunn. 

2388 Community psychoacoustics—key to aircraft noise 
design and operation. B. Spano. 

238c Sound suppressor and jet reverser effects on aircralt 
performance. W. R. Walley and R. N. Gardner. 

239c System approach to reduced air cargo costs. L. B 
Aschenbeck. 

240A Design and development history of the J79 enginé 
F. L. Smith and N. Burgess. 


241 Silo lift launcher system for the Atlas ICBM. R. 


Thomas. 
244c_ An engineering evaluation of algae. J. J. Konikoff. 
245B Systems engineering considerations in designing 
testing the life support system for Project Mercuty. 
J. R. Barton. 


245p Space systems training devices. G. F. Rabideau aiid 
D. L. Schloredt. 

2474 Review of aircraft instrument problems. G. © 
Gebhardt. 


2478 The penalties of non-optimum flight operations of # 
aircraft. A. C. Butterworth. 


EDITOR’S NOTE.—We regret that due to circumstances beyond Editorial control no 
Reports are included in this issue. Publication should be resumed in the February Journal. 
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